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(54) Vacuum" degassing apparatus for molten glass » 

(57) A vacuum degassing apparatus (10) for molten 
glass according to the present invention comprises a 
vacuum housing (12) where a vacuum is created; a vac- 
uum degassing vessel (14) housed in the vacuum hous- 
ing to degas the molten glass; an introduction device 
communicated to the vacuum degassing vessel so as to 
introduce untreated molten glass into the vacuum 
degassing vessel, or preferably an uprising pipe (16); 
and a discharge device to discharge treated molten 
glass from the vacuum degassing vessel, or preferably 
a downfalling pipe (18). in the apparatus, at least a por- 
tion of at least one of the vacuum degassing vessel (1 4), 
the uprising pipe (16) and the downfalling pipe (18) that 
in use directly contact the molten glass is constituted by 
refractory material having a porosity of not greater than 
5%. The apparatus can increase quantity of flow of the 
molten glass and consequently a degassing throughput 
of the molten glass in comparison with prior art. having 
the same size and the same pressure loss. The appara- 
tus can further increase the quantity of flow and the 
degassing throughput without making the size of the 



apparatus excessively larger. 

Also disclosed is a parallel arrangement of vacuum 
degassing apparatus comprising a plurality of vacuum 
degassing units (102,104), a merging unit (150) and a 
stirrer (156), including a pressure equalising pipe (142) 
provided between said units. 
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(54) Vacuum degassing apparatus for molten glass 



(57) A vacuum degassing apparatus ( 1 0) for molten 
glass according to the present invention comprises a 
vacuum housing (12) where a vacuum is created; a vac- 
uum degassing vessel (1 4) housed in the vacuum hous- 
ing to degas the molten glass: an introduction device 
communicated to the vacuum degassing vessel so as to 
introduce untreated molten glass into the vacuum 
degassing vessel, or preferably an uprising pipe (16); 
and a discharge device to discharge treated molten 
glass from the vacuum degassing vessel, or preferably 
a downfailing pipe (18). In the apparatus, at least a por- 
tion of at least one of the vacuum degassing vessel (1 4), 
the uprising pipe (16) and the downfailing pipe (18) that 
in use directly contact the molten glass is constituted by 
refractory material having a porosity of not greater than 
5%. The apparatus can increase quantity of flow of the 
molten glass and consequently a degassing throughput 
of the molten glass in comparison with prior art having 
the same size and the same pressure loss. The appara- 
tus can further increase the quantity of flow and the 
degassing throughput without making the size of the 



apparatus excessively larger 

Also disclosed is a parallel arrangement of vacuum 
degassing apparatus comprising a plurality of vacuum 
degassing units (102.104), a merging unit (150) and a 
stirrer (155), including a pressure equalising pipe (142) 
provided between said units. 
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Description 

BACKG3Q! iNin op JHg INJVFNTlON 
s FIELD OF THE INVENTION) 

[0001 ] The present invention relates to a vacuum deaassina annarati^ w *„u^ ^ 

molten glass continuously supplied. passing apparatus for molten glass which removes bubbles from 

10 DISCUSSION of 3AnK; npnr mn 

[0004] The uprising pipe 206 communicates with the vacuum deaassina vp*~pI on<± rh Q i ^ ^ ^ 

deaassina vessel 204 and u-T^nllT . 9 3SS Q after *W™q is drawn down from the vacuum 

sss^^ssjra aars.— t pam * ^ lessees 
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SXm^Zr^ 200. the moften g,ass G that has a high temperature such 



rnnn7 _ ,7? ceaain temperature, in addition to the reasons as just stated 

iengin inereot extended and the current of the molten alass is inerM<;arf m9 u fl ^ i . 
•W .here has b^n nud ,„ , proota™ ir, fe, a, e;leoassi , 3 ^ wmy a „„,, a J^.™ 
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JP *!? 9 yacuum degassing apparatus can not ba made large. 

S^L SinC8 T T 9,355 ? I s ° b,ained * disso,ulion reacti °" of Peered raw materials, ft is preferable that the 
the rneftng vessel 212 ,« high in terms of disso.ution and that the viscosity of the moL glass is low Z 

S ^^TT 9 ^ 9 iS hi9h m t8rmS * ««™*B««Sng. Although the conventional vacuum degas- 

£?■ ?? aratUS 200 r8qu,ras to use ■** made <* noUa m «al in the vacuum degassing vessel 204 and in 
of high temperature strength, it is difficult to increase the wall thickness of the circula? shells in^mJScosTbeca^ 
suchai loy ,s expensive. Even if noble metal such as platinum is used. the. temperature of the mJSZZZTXSIZ 
f££? £ e9aSS " 19 aPParatUS 200 h3S b8en limited 10 a certain tempen«ure (1200 - 1400 as stateTeTriier 

,o 2£ L«^T ate i 6 '?^ 8 31 WWCh 3 formin9 machine (farmina - ve ^0 the molten giass 

£m^l^I « T ^Jlf ° Wl ? n temperatUfe 1hou 9 h *e temperature varies depending on articles tote 
Za^Z^ ST » b ° tfl 1 eS ^ fermed - ^ nobf8 metal is ^ to form the^um degassing vessel 
204. the temperature of the molten glass G at the inlet of the vacuum degassing apparatus 200 has been restrtoadta 
a temperature lower than 1 400-C. This has created a problem in that a drop in i^S^S^^JS^Jl 

2 In 3 ™ tem Pf rature ^ * 9 temperature required for forming since the quantity of flow (through- 

£IS 0 ° ? ? raat8r ^ * 9 qUantity of heat in ^ *« molten glass G is not so large. This requires that 

tte molten glass G in the vacuum degassing vessel 204 be uniformly heated as stated earlier. For this uniform heating 

T* T^Z T 9 ^L 204 P8r 56 iS feqUired 10 bS ^ a «***»■ <"ade of noble metal. cSsing 

the problem in that it is difficult to increase the throughput as stated earlier — «*-ng 

20 ^LS^S^ST^ these problem&^proposal has been made'to use inexpensive refractory material such 
as fnbneks in paths of the vacuum degassing vessel 204. the uprising pipe 206 and the downfalling pipe 208 instead 
of using expensive noble metal material such as platinum alloy. 

™.!L T ? 8r9 K ha I 1 be l n ^T 1 a - b ^ biS formin9 P" 6 " 0 " 18 " 0 " ** use of refractory material in the melting furnace 
« ££SE ^° m J h ! SUri3Ce ° f *" r6fraCt0ry at 30 init,al when the refractory used as the refractory 

S22 JT* C ° ntaCt !" ,th * B m0lte " SiaSS - 111656 bubbles ara dassified into Wnds of bubbles, one KndS 
bubbles that are generated as carbon dioxida (CCy gas or nitipgen (N^) gas by combination of oxygen with carbon 
cafcide or nrtnde asjmpunt.es on a surface of the refractory because of the presence of a reduced sSe on the 2 

?h a ,1 !T ? ° m ° lten 9 ' aSS - ^ tha 0 * 1er * t" 9 bubDles that are generated from the surface of 
the refractory because gas in the pores in the refractory contacts with the molten glass 

30 if«I 1 ?r»i], 9 , eneral ^ aS , the ^ 0r8S in ^ r6fraCt0ry ' there ar8 opan **** (Went pores) that open to the outer surface 
?™ ■ * T ™ P0r8S th3t d ° 00t 0pe " to the outer ^ independentfy. When the vacuum 

degassing apparatus 200 ;s prepared from a refractory which has at least one kind of pores, the gas included in the 
pores promptly becomes bubbles at initial contact with the molten glass and a small amount of bubbles are generated 

3s nLZ S J°J? th6 CaSS ° f the 0pen poresL ln me 0353 <* closed P°res. the gas included in the pores is 

£ 5 CO T 3 . ? 63 31 018 initial COrtact betWS6n 1,16 refractory ^ 109 S 1353 - Howler, 
rt is supposed that the surface of the refractory is gradually worm out by erosion and the closed pores in the refractory 

fnn^" 1 ^ 00 ^ ^ m0lten 3,335 ,0 flradua,y maka bubbles ^S^ating from the gas included in the pores. 
S h hh^ 8 " V ?° ry material fe US6d fof 3 P 3 * the vacuum d9 9assing apparatus 200. there is a possibility 
mat bubbles are .ntermittentty generated from the refractory material for a long period of time even after commence^ 
«o mem or operation. 

SS. nint ^ f T atefial is used for a patn in va ™ degassing apparatus, the temperature of the 

♦ ' S P ? P ° S ^ t0 1* 3t ab0Ut 1200 " 1400 ° C 0rd8f to avoid a in the conventional vacuum- 

degassing treatment condrfions wrth platinum used as the refractory material and to prevent the erosion of the refractory 

4s ^Ti^TJ f 109 aCC6,era ! e f by incre9 sing the temperature of the molten glass to a high temperature. This degas- 
9 I T. temperature, (about 1 200 - 1 400-C) is relatively lower than the temperature in the conventional degas- 

i^nn^f Pr0C8SS r th 0n ' y 3 r6fin6r USad ' ^ iS 10 ^ tne passing treatment temperature, (about 1400 - 
i^ C n k a P/ocess wherein bubbles are grown by the refiner, and the bubbles are rising in the molten glass to be 
eventually broken on the liquid surface of the molten glass for degassing. It is supposed that, in the vacuum degassing 
» * S u refractory ""to*" used in P 31 " for *e molten glass, the erosion rate of the refractorylraterial 

to gt nermeSler ** ^ ^ "* 8XP ° Sed ° n 1,16 " Refractory 

moi s] However the vacuum degassing apparatus with refractory material used in the path has created a problem in 
that the v,scosrty of the molten glass G is high in comparison with the degassing treatment with the refiner used since 
ss ?„nf f 9 ^'" 9 * Satm T 15 out at a lower temperature than the degassing treatment temperature in the conven- 

es tonal refining step wrth only the refiner used, and that the bubbles which have generated on the surface of the refractory 
have too small a rising speed to sweep a possibility of insufficient degassing 

fl°l 6 l= l< tt16 < va ° JlJm passing vessel 204. the uprising pipe 206 and the downfalling pipe 208 are built from more 
inexpensive refractory material than noble alloy, and if the molten glass can be continuously vacuunwiegassed as in 
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the case of use of noble ailoy, it would not necessary to restrict material use in terms of cost or to restrict the size in 
terms of decreased strength caused by the restriction of the material use in comparison with the case of use of noble 
alloy such as platinum. Design freedom would be remarkably improved not only to become capable of construct the 
vacuum degassing apparatus in a large quantity of flow but also to become capable of vacuum-degassing at a hiaher 
temperature. 

[001 7] However, if all constituent parts in the vacuum degassing apparatus 200 are built from firebricks, the following 
problem are raised. Since nothing supports a pipe-like open end such as the lower end of the uprising pipe 206 or the 
downfailing pipe 208, it is necessary to support heavy firebricks only by the adhesive power of bond, which is difficult to 
obtain sufficient strength. If the firebricks are prepared in a long cylindrical shape, the cost is remarkably increased. 
Under the circumstances, it is practically difficult to build the lower end of the uprising pipe 206 or the downfall™ oioe 
208 from firebricks. 

[001 8] Even if the lower end of the uprising pipe 206 or the downfailing pipe 208 is built from firebricks, there are cre- 
ated problems in that damage or deterioration is likely to cause at joints between firebricks, and that the firebricks are 
reactive and likely to be selectively deteriorated at a position in the vicinity of an interface between the molten glass G 
is and air in the melting vessel 21 2 because of presence of a high temperature and the air at that position. The deteriora- 
tion at the joints or the interface could deform the lower end of the uprising pipe 206 or the downfailing pipe 208 in an 
unequal shape in the direction of height damage such as breakage could be caused, and the lower end of the uprising 
pipe 206 or the downfailing pipe 208 could be partly broken and fallen out. causing a problem in that sufficient durability 
can not be obtained. If broken firebricks are mixed into the molten glass G, there is caused a problem in that it is impos- 
20 stole to hold homogeneous composition in the glass. 

[001 9] When the path for the molten glass having a high temperature is made of platinum as in the conventional vac- 
uum degassing apparatus, the formation of holes due to wearing of the thin platinum must be taken into account at 
designing, and the apparatus is required to enable repair and replacement of platinum for a short period of time after 
the production of glass products has been temporary standstill. For repair and replacement of the path, it has been nec- 
essary to release the reduced state and expel all the molten glass from the inside of the vacuum vessel, the uprising 
pipe and the downfailing pipe, to drop the temperature of the entire vacuum apparatus to an ordinary temperature, and 
then to carry out repair or replacement of platinum. Since it is appropriate that the molten glass is cut at the lower ends 
of the uprising pipe and the downfailing pipe for repair or replacement of platinum, the vacuum degassing apparatus 
has been required to have a structure that the entire apparatus can be lifted by at least 1 m to separate the uprising pipe 
so and the downfailing pipe from the high temperature glass reservoirs thereunder when the uprising pioe and the down- 
failing pipe are repaired. However, lifting the entire vacuum degassing apparatus 200 having a solid structure has 
required an extremely difficult operation accompanied by danger since the apparatus is large and extremely heavy and 
the apparatus is put under the reduced state at a high temperature during operation. 

[0020] As stated earlier, the paths of the molten glass such as the vacuum degassing vessel 204, the uprising pipe 
206 and the downfailing pipe 208 that directly contact with the molten glass G have been made of platinum or platinum 
alloy such as platinum-rhodium in the conventional vacuum degassing apparatus 200. Although noble metal or its alloy 
such as platinum or platinum alloy is good at resistance to high temperature and high temperature strength in compar- 
ison with other metal, noble metal or its alloy has inherent limitations. In order to make the vacuum degassing vessel 
204. the uprising pipe 206 and the downfailing pipe 208 larger, it is necessary to make the wall thickness of the vessel 
and the pipes thicker However, noble alloy such as platinum is extremely expensive, and the production of the vacuum 
degassing apparatus 200 becomes remarkably costly. Tne cost of the apparatus tremendously increases because a 
larger size of the apparatus requires thicker wall for the vessel and the pipes. In the case of use of noble ailoy metal, 
there are limitations to enlargement of the apparatus in terms of cost. 

[0021 ] This has created a problem in that it is impossible to build the vacuum degassing apparatus so as to have a 
large quantity of flow because of the limitations in the quantity of flow of the molten glass G which can be degassed in 
the vacuum degassing vessel 204. 

[0022] As explained, the conventional vacuum degassing apparatus is costly in construction and can not be built so 
as to provide a large quantity of flow though the degassing efficiency of the molten glass is extremely high. As a result, 
the conventional vacuum degassing apparatus has been mainly used for glass which has a specialized application such 
as an optical use and an electronic use wherein the presence of fine bubbles is not acceptable, and which is produced 
in small-quantity production. 

[0023] As stated earlier, it is preferable that the temperature in the melting vessel is high when glass is molten in the 
melting vessel, and it is also preferable that the temperature of the melting vessel is high when the vacuum degassing 
treatment is carried out. Even if noble metal such as platinum is used, the strength necessarily becomes lower as the 
temperature becomes higher. An increase in the wail thickness of the vacuum degassing vessel directly contributes to 
an increase in cost. Under the circumstances, the temperature of the molten glass at the inlet of the vacuum degassing 
apparatus has been limited to 1200 - 1400°C. and has been enable to be raised to a desired temperature. 
[0024] On the other hand, it has recently been required that a vacuum degassing apparatus having a high degassing 
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efficiency is used to carry out a degassing treatment for mass-quantity production of glass such as glass for construc- 
tion or automobiles. As the vacuum degassing vessel, the uprising pipe and the downfaiiing pipe are prepared from 
noble metai alloy such as platinum, it is not acceptable in terms of cost to use the conventional vacuum degassing appa- 
ratus with noble metai used therein for preparation of glass to be produced in mass production since noble metal such 
as platinum is extremely high. 

[0Q25] If the vacuum degassing vessel 204, the uprising pipe 206 and the downfaiiing pipe 208 are constituted by 
refractory material in the conventional vacuum degassing apparatus 200 shown in Figure 12 to try to make the appara- 
tus larger and to make the degassing throughput larger, there is created a problem in that refractory material bubbles 
generate into the molten glass from the surface of the refractory material. 

[0026] When the vacuum degassing vessel 204. the uprising pipe 26 and the downfaiiing pipe 208 of the vacuum 
degassing apparatus 200 are constituted by refractory material, this creates problems in that the presence of joints 
between pieces of refractory material involves deterioration the joints by the molten glass G having a high temperature, 
and that the lower ends of the uprising pipe 206 and the downfaiiing pipe 208 are subjected to deterioration at an inter- 
face with air as a free surface of the molten glass G since the lower ends are immersed in the upstream and down- 
stream pits 214 and 216. When the vacuum degassing apparatus is constituted by refractory material, the apparatus is 
heavier as a whole than the vacuum degassing apparatus mainly constituted by platinum because the Wucture of the 
refractory material is dense and the used refractory material is mainly electro-cast bricks. It is an extrernely difficult and 
dangerous operation to lift the vacuum degassing vessel 204, the. uprising pipe 206, the downfaiiing pipe 208 and the 
thermal insulation material 210 in the vacuum housing 202 as a whole as in the conventional vacuum degassing appa- 
20 ratus 200 shown in Figure 12. 

[0027] When a vacuum degassing apparatus having a small degassing throughput (quantity of flow) such as the con- 
ventional vacuum degassing apparatus is operated in a single use, the range of available quantity of flow is narrow for 
adjustment in the quantity of flow of the molten glass G in response to required production of glass, creating a problem 
in that it is difficult to promptly cope with a change in production. 

[0028] If the platinum or the platinum alloy that forms the vacuum degassing vessel 204, the uprising pipe 206. the 
downfaiiing pipe 208 and so on is broken, it takes several months to repair it. creating a problem in that the unavailability 
of the vacuum degassing apparatus during repairing of it prevents glass products from being produced. 

SUMMARY OF THE INVENJTION 

[0029] It is a first object of the present invention to eliminate these problems and to provide a vacuum degassing appa- 
ratus for molten glass capable of being built at a low cost degassing moiten glass at a large quantity of flow such as a 
quantity of flow of .15 ton/tiay. being used together with a large size of glass melting Vessel and a large size of forming 
treating vessel, and making the size thereof smaller than the glass melting vessel and the forming treating vessel. 
[0030] It is a second object of the present invention to eliminate these problems, and to provide a vacuum degassing 
apparatus for molten glass wherein bubbles are removed from molten glass successively supplied, capable of ensuring 
sufficient durability against the molten glass at a high temperature, remarkably reducing the cost of the apparatus, mak- 
ing the capacity of the apparatus larger, and increasing a vacuum-degassing treatment temperature 
[00311 It is a third object of the present invention to eliminate these problems, and to provide a vacuum degassing 
apparatus for moiten glass capable of reducing the construction cost of the apparatus, improving the design freedom of 
the apparatus to build the apparatus so as to have a large quantity of flow, carrying out the vacuum-degassing treatment 
st higher temperature, and being fixed as a whole to eliminate the difficult and dangerous operation for Kfting the appa- 
ratus by constituting the vacuum degassing vessel, the uprising pipe and the downfaiiing pipe with refractory material 
which is more inexpensive than noble metal alloy such as platinum, 

[0032] It is a fourth object of the present invention to eliminate these problems, and to provide a parallel arrangement 
of vacuum degassing apparatus capable of treating a large quantity of molten glass, promptly coping with a change in 
production and obtaining moiten glass having superior homogeneity. 

[0033] In order to attain the first object, the inventors have been made tremendous research efforts on refractory 
m .?Jr iai which 030 be us** 1 in Pfccs of n °b1e metal material such as platinum alloy in a vacuum degassing apparatus 
for molten glass. The inventors have provided the present invention based on the following findings. 
[0034] The inventors have found that when the vacuum degassing vessel is constituted by refractory material instead 
of noble metal material such as platinum alloy, a vacuum degassing apparatus which can treat a large quantity of flow 
of molten glass can be built at a lower cost than use of noble metal material irrespectively of the Wnd of the refractory 
material, and the bubbles which have generated in a melting furnace can be degassed from the molten glass. The 
inventors have also found that the area of the surface of the refractory material that contacts with the molten glass 
becomes relatively larger with respect to the quantity of flow of the molten glass since the volume of the vacuum degas- 
sing vessel is limited to a certain size for compactness and good operabiljty, and that when the refractory material is 
used, some kinds of refractory material is subjected to rapid erosion and the" amount of the bubbles that generate from 
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iSESI?. P^es can not be ignored. 

S in^VrSfoS^n I"? 1116 bUbb,SS 9enerates from the in 018 serial do 

5 s ^e^^ from the «~ - a - «* si 

S, f^r^r 5 ^ ressarcned * a retetionship of the amount of bubbles generating from open pores or gen- 
eratng from the surface of the refractory material in direct contact with the molten glass and the amount ofSSes SL 
mat.ng from closed pores .n contact with the molten glass due to erosion to the refractory matS vSh reS2 to ml 

EELSSE'r iT^i*? m ° ,ten 91353 3fter ^"^ssingaThe ^eS^^^^X 
w £22? TV ^ *° de9aSSi " 9 ^ ba ,imited to a certain value or not greatS 

S% to min.rn.z9. for a long period of time, the total amount of the bubbles originating the surface of the rp ^^ Zz] 

» " 9 number ! of tha bubbles 13 in range of an acceptable remaining numbers as glassTcSucte 

» and the refractory ,s appropnate for the vacuum degassing apparatus. The inventors have also found trltluS refrS- 

KSSLT 1* USSd I° deSaS ! ,ar " aTOUnt ° f ^ gl3SS - and that su <* refractory mmeS 2 

» SrfLi?!- i«SS ' ha ! th t r9fraCt0ry material has_ a porosity of not greater than 3%. It is preferable that the refrac- 

S^^^T^^j - ^,^^' bum8d refraCt0ry material - 14 is the electa 

refractory matenal « at least one of alurmna electro-cast refractory material, zirconia electro-cast refractorvTaterial 

and alum.na-z.rcon.a-s.lica electro-cast refractory material, ft is preferab.e that the fine burned «f™£! SeST at 

25 S T^SSl^ ^T^V 3 ^^ h3S 31 ' eaSt COrtex in direct «*« the molten glass 

S£St ™S TIVT? T 1 9 electric - cast r6fractorv serial is scalped by at least S mm, and that the 

* the electr.c-cast rerractory material with the cortex scalped is not greater than 1%. 

Si 9 3 m .° de * 1,18 Pr9Sent inVSnti0ni th9re is P™* 1 * a vacuum owinB apparatus for molten 

30 housi'n?S ^Su^r S ' n9 Where I iS Created: 3 VKUUm ^ssing^ssel nouTed in the vacuum 
S^S; 3 irTm™ 1 h commun,catad to vacuum degassing vessel so as to imroduce molten glass before 
?a?SSJi^ZST ng : ^ 3 dl ' SCha '" deViCS commu " i «^ to the vacuum degalsing vessel 
SrSu^nn rt ^ 9 I r I k 335 a,ter de9aSS ' n9 fr ° m the vaCuum ^^"9 vesse, = w ^rein at Zst one of the 
SSJTSS^T I" f'^",^ 08 indudes a P ath *° fl °" a Quantity of ftow of the motten glass, and a" 

» ssi'ss^ss s a,rect,y ^ wrth the ^ 9,355 is con - u - * r ^ ^ ***** a 

EJo^tS l ° 3 SeCOnd T 069 ^ Pr9Sem inV9nti0a * ere iS Pr0vided a ™™ passing apparatus for mol- 
ou S 3 n iZ! r T""" 1 h ° US,n9 Wh9r9 3 V8CUUm iS <reated: a vacuum de ^"9 vial housed in the vacuum 
SecaSno inX *T ""^f to *• va ™ passing vessel so as to imroduce molten glass before 
* so ast dlitr 6 ^ T T 33 '" 9 VeSSe,: ^ 3 diSChafge device «™w*ated to me vacuum degassing vessel 
vesse Ti^^^T* 9 f S e9aSSin9 f r ° m me vacuum de9assi "9 vessel: wherein the «aLn degassing 
path that d.rectiy contacts wrth the molten glass is constrtuted by refractory material having a porosity of not greater than 

« I - S Pr H!^ 9 ^ th9 path ° f * e vacuum de 9assing vessel has a rectangular section. 

S 15 P ^ 9 th8 9aCh ° f introduction devi « a "d the discharge device comorises an uprising pipe and a 
downfall^ p.pe. and that at least one of the uprising pipe and the downfalling pipe is constituted by rSrTr^Sal 

Spa T^TJ^S^^ 0 - " r T ^ 34 IS3St ° ne 0< *■ Uprisi " 9 Pipe - d the down, S 

pipe as wen as the vacuum degassing vessel is housed in the vacuum housing 

M SSday 3 Preferab ' 8 ** 1,16 fi0W rat6 ° f * e M 91353 in m9 path of ths vacuum vesselisr^tless than 

ETrld,?^ T ° f mS T^l" 9,aSS in me Pa * ° f the vacuum de 9 assi "9 ««• be increased to not less than 
30 ton/day by providing a cooling device for cooling the molten glass 

» ^J^IS'^S T 8 * PreSert inVenti ° n 10 3ttain ^ Second *«•=«• 916 introduction device indudes 
r n ciSe?a dSvl^nf 9 T commun,cated t0 a '^er end of the uprising pipe, and the discharge device 
oortS « Z 9 P P eXtena " 19 3,59 commu " ica ^ to a lower end of the downfalling pipe. whereL at least 

fefrlSv m Lt Tr 9 P ' Pe 30d d0Wnfa,Bng Pip9 ^ directly comact "** *• ™»en glass a e construed by 
refractory matenal hav.ng a poros.ty of not greater than 5%. and the extending pipes of the uprising pipe and theSvn" 
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2Snd Pi ^ made * ° r Pl3tinUm ^ in thS VaCUUm degassin 9 aPPa^s for molten glass according to the 

11 '» P ^!*T* at least 0n9Ofih * exten *"9 Pipes has an upper end provided with a flange, and the axtend- 
nace Kg 6 ^ *" * ^'i" 9 PiPe * inSertng - ™***<9 *e flanged in 22- 

2TJL i n ,° rder * atta L" tt *J hW tha inventofS have rade tremendous research efforts to provide the appara- 
tus wrih a lanjer capacrty and a greater amount of flow. .The" tolerance of fine bubbles less than a c^ sLe^St 

^SfT !1 ^J 386 of = ,ass ^ construction or automobiles, the presence of fine bubbteTna^nTatnc^ 
/ilSl^lT *T °;l mm iS aCC8ptab,a 1119 inventors have found that most of fh.-ffiffi£S2dS£J 
t 5?SS^f^^ ry r?"" 31 l ? aV9 3 <Samet6r * not 9raat8r *»" « ™» and bubbles havinglTaTa^'eler greaS S 
mLTi 1 h T« 9 , eleCtr °- Cast refract0f y ™ teria » lapse of time, art that such elertroWefS 
Sen g^ - "** ** ^ be USed 3 P ° rti0n * 3 path for a ™"en that direc^^cts Sl 

a^oL^httl^" 3,30 taUn ?^! ifthe d89assing vessel ' 818 "P ri «ng pipe and thedownfalling pipe 

are constrtuted by more in expense electron refractory material than noble metal alloy and if tha mdten oiass can 

of cost and to restrict the sue in terms of a reduce in strength caused by the limited material use in comparison with 
t? a ™f metal ** SUCh 35 P ' atinum - dea ' gn freedom be —arkably proved to be caSoSZ 
^esToSr" 9 3PParatUS 30 38 * hB " 3 ,3r9e « no,rt * flOW ' - vacuum^egassing at a Ser temp^aS 

£«n! 7,16 inventors have atoned the present invention based on the findings stated above 
3L ACC0,d j" S 10 3 fourth mode of * e P resent inverti ° n - ^e introduction device includes an uprising pipe and an 
STm^S? 13335398 Communicatin 3 betwesn UP*** Pipe and a melting vessel with a free surface of 
*e molten glass therein or an upstream open channel with a free surface of the molten glass therein- the discharge 

SnS?" t^'"" 9 ™* 3 stream connecting passage for communing between ihe dS2g 

C c^STTLT * 3 ' ^ ° f * 6 m0rte " 9,3SS therein or a ***** vassal a freelur 
Z d°,Jn£,S I 9 1 * ar !' n: UPSlr8am C ° nneCt,n9 P assaae - * 9 ^^'"9 Pipe, the vacuum degassing vessel 
^ JnT c ? 9 !T 30d the downs,ream meeting passage form continuous closed passages; and porttont offta 
continuous dosed passages that directly contact with the molten glass are constituted byrefractory maS having a 
porosity of not greater than 5% in the vacuum degassing apparatus according to the second mod* 9 
!S Jh' 3 ^ V3CUUm h ° USinS prises a metallic casing which encloses the vacuum degassing 

^St JTr Zh T r S UPnS,n9 P ' Pe ' 1,18 d0Wnfa " in9 PipS 3nd th9 upstrsam and ^"stream connecting pSS 

SifS^T 2 6 |i r acUU,n d !!f ?' n9 VSSSei ^ 1119 vaeuum housin 3 a <* spaces between the portons of the 
upnsmg p,pe the downfallmg pipe and the upstream and downstream connecting passages and the vacuum housina 

X 3 "T^Tf in sertion whicn «■ «- with thermal insulation mafeSal male of firebrick 9 

[0052] It is preferable that the vacuum degassing vessel has a pressure of i/20 - 1/3 atmosphere therein and the 

r;m g Sa™™ 

S^o^f! 9 l ° V m m ° de 01 816 PreSem inVertion ,0 attain 818 fourtn °°i ect - *« is Provided a parallel 

.^T 933S ^ ^sing a plurality of vacuum degassing units for vacuum<legassing 

mdten glass supplied from a melting vessel: and a merging unit for merging the molten glass supplied from the vSJS 

253* T 9 * e m0 ' ten 9i3SS SUPP ' ying the s "™ d moiten glass to a ^strearn^de! ^7n 

S JolL in * ^ 693 ? n9 Un,tS indUd8S 3 VaCUUm h0usin9 wnere a ^ m is seated, a vacuum degasing "™ 
lun Z r g t0 VaCUUm - degaS the motten 9lass. an introduction device communicatee! to the vaT 

vessel 50 as t0 ,nfrodu « the molten glass before degassing into the vacuum degassing vessel; and a 
2S', toC ' "« nn *? eatad l ° the passing vessel so as to discharge the molten glass Ster degaSng 

from the vacuum degassing vessel rnto the merging unit; and wherein a pressure-equalizing pipe is provided ?o com- 
municate between the vacuum degassing units, provraea to com 

STi « i^2f to I at the J nm3dlJC,i0n device com P ri ses an uprising pipe to rise the molten glass before degas- 
^fJT, , t0,ntrod " ca t" 8 molten 3 |ass '"to the vacuum degassing vessel, and the discharging device comprises!, 
downfal ,ng pipe to downwardly withdraw the moften glass after degassing from the vacuum degassinTv^o a^to 
lead out the molten glass into the merging unit passing vessel so as to 

eS J 3 * mer9i " 9 Unit inC '" deS 3 P ' Ur3ii,y of reservoire - "* rf the communicated to 

™ ^ ^ CeS * 3 m8r9 ' n9 VeSSSl =° mmun '=ated to the reservoirs through throats, and a stirring vessel 
communicated to a downstream side of the merging unit ' purring vessel 

Sctl d'egSg^sIS 1 PreSSUr6 - equa,i2in9 Pipe is pravided «* a «»* f shut communication between the 
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[0057] it is preferable that the molten glass is soda-lime glass. 

[0053] It is preferable that the introduction device, the vacuum decassina vessel anri *h* w;^-h™„~ m • u 

SSSSn^ r9fractory ^ isat,aast « 

electa refractory matenal and alurrtna-arconia-silica electro-cast refractory material tttemM* Mta Z, 
burned refractory material is at least one of alumina fine burned refractory matenal 

material and alumina-zirconia-silica fine burned refractory material arcon.a-s.hca f me burned refractory 

Sal' 1 sca| l pi 1 Preferab,e ** refraCt0ry has * least a «** h direct contact with the molten 

[00621 it is preferable that the cortex of the electro-cast refractory material is scalped by at least S mm and that tha 
apparent porosity of the electro-cast refractory material with the cortex scalped ^2*5 

BRIEF DES CRIPTION OF THE DRAWINGS 

SL IT r9 COmf f t8 wadaflon of the invention and many of the attendant advantages thereof will be readilv 

SSZl? £T b8C0meS b6tt6r UndarSt0Od * reference to *• <°«°-ing detailed desliption whe^ oolriSd 
in connection with the accompanying drawings, wherein: consiaerea 

Figure 3 is a sectional view taken along the line II— fx of Figure 1; 

ngure 4 is a schematic view to explain the relationship between a vacuum degassina vessel accord™ m th» 

RourTs > -5: " d ; C0^V8n,i0^a, vacuum degassin9 in te ™ <* a vJSSSSUS^^ 

^VpSeSenSr ^ * ^ " « » «— ^«her 

s in sssrs cs? ^ - " Mg portion be,ween " uprising pipe - - 

tt!ZSX%ZS£^ of the , ~ um de9assin9 for mott9n s,ass acoordin9 to 

2^%1^SE^ *• Para " e ' arran9emSrt - — apparatus according to an 

Figure 1 0 is a schematic sectional view of a first vacuum degassing unit and a merging unit in the apparatus shown 
m Figure 9 and taken along the line X-X of Figure 9: <waraius snown 

Figure 11 is a party horizontal sectional view of the merging unit according to an embodiment- and 
Figure 1 2 « a schematic vertical sectional view of a conventional vacuum degassinTappSalus. 

DESCRIPTION OF THE PREFERRED FMBOOIMENTS 

En re^r«^r„ de9aSSin l^ ParatUS ** ^ accortin9 to *• P resent i™"*" °e described in 
nSSc, r fl ference 10 a PPrapnate embodiments shown in the accompanying drawings. 

wTbe rr^T - de9 f SSin9 aPparatUS f0r mdten 9lass to the second mode of the present invention 

win oe explained in detail in reference to the drawings. 

iSJS'*" l^. Sh0wn f schema^ vertical sectional view of the vacuum degassing apparatus for molten glass 

veSeTin'tne^, T fl, .*t" co ■* aspect » * shown a vertical sectiona. vit of a vacuumde^S 

vessel in the apparatus shown in Rgure 1 and taken along the line ll-ll of Figure 1 s-wng 

En mdt^STr ^ aSSin .t- 3PParah ! S , 10 m °' ten S ' aSS aCCOrdin9 to * e second aspect is used in a process 
uwTJZSZ ^Jt 3 6 f" 9 VeSSe ' 24 ,S """^ and *• vacuum^egassed molten glass is contin^ 
■nn »S !l succesave seating vessel (not shown). e.g. a forming treating vessel for plate glass such as a f loa"- 
2 in * ^ T™*? for ^ shown in these figures, the apparatus includes a vacuum VaSL 

IHZT^Z Ce ^ g t arCh6d Shape ° r an inverse U letter sha Pe and made ofstainless steel, a vacuu^ degaS 2 
vessel u horizontally housed ,n the vacuum housing 12 . and an uprising pipe 16 and a downfa. ling pipe 18 3S2 
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vertically arranged in the vacuum housing 1 2 and have upper ends thereof mounted to right and left ends of the vacuum 
degassing vessel 14. In the vacuum degassing apparatus 10 shown, a space between the vacuum degassing vessel 
14 and the vacuum housing 12 and spaces between the uprising and downfaiiing pipes 16 and 13 and the vacuum 
housing 12 are filled with thermal insulation materia] 20 to cover the circumference of each of the vacuum degassing 
vessel and the upnsing pipe 16 and 18 in a thermal insulation way. In the vacuum degassing apparatus 10 shown the 
downfaiiing pipe 18 in the vacuum housing 12 has an upper portion provided with a cooling pipe 22 as a cooling device 
around a circumference thereof. 

[0068] In the example shown, the uprising pipe 1 6 has an upper portion housed in a leg 12a of the vacuum housing 
12 * ™ 8 upns,n 9 P'P 6 16hasa lowef P orti o n projected from the leg 12a of the vacuum housing 12 and fitted into an 
open end of an upstream pit 26 so as to be immersed in the molten glass G in the upstream pit 26. The upstream pit 
26 communicates with the melting vessel 24. On the other hand, the downfaiiing pipe 1 8 has an upper portion housed 
m a ieg 12b of the vacuum housing 12. The downfaiiing pipe 18 has a lower portion extended from the leg 12b of the 
vacuum housing 12 and fitted into an open end of a downstream pit 28 so as to be immersed in the molten glass G in 
the downstream pit 28. The downstream pit 28 communicates with a successive treating vessel not shown 
[0069] In the example shown, the vacuum housing 1 2 is made of stainless steel and has the rectangular arched shape 
with both legs 12a and 12b. The vacuum housing houses the vacuum degassing vessel 14. the uprising pipe 16 and 
the downfaiiing pipe 18. and works as a pressure vessel to maintain particularly the inside of the vacuum degassing 
vessel 14 under certain depressurizing conditions (stated later). The vacuum housing is provided with a suction port 
1 2C at an upper nght portion (refer to Figure 1 ) to depressurize the inside thereof. The suction port 1 2C of the vacuum 
housing 12 is connected to a vacuum pump (not shown) for instance. There are no limitations on the shape and the 
material of the vacuum housing 12 as long as the shape or the material does not prevents the vacuum housing from 
performing proper functions. The vacuum housing is preferably made of metal, in particular stainless steel or heat 
resisting steel. 

[0070] The vacuum degassing vessel 1 4 communicates with an upper end of the uprising pipe 1 6 at a lower right por- 
tion thereof (refer to Figure 1), communicates with an upper end of the downfaiiing pipe 18 at a lower right portion 
thereof (refer to Figure 1). and is provided with suction ports 14a and 14b at a upper left portion and at an upper right 
portion thereof (refer to Figure 1) to maintain the inside of the vacuum degassing vessel 14 under a certain depressu- 
nzing state (set depressurizing conditions), tn the vacuum degassing vessel 1 4, the molten glass G introduced from the 
uprising pipe 1 6 flows toward in a right direction in Figure 1 . and is led out of the vacuum degassing vessel 1 4 which 
has an upper space 1 4s included therein to break rising bubbles in the molten glass G. In the vacuum degassing vessel 
14, there are provided barriers 30a and 30b which have portions thereof immersed in the molten glass G and the 
remaining portions thereof projected into the upper space 1 4s in order to block the rising bubbles in the molten glass 
G. promotes breakage and decrease or avoid the outflow of the bubbles in the downstream direction. 
[0071 ] The depressurizing state for the inside of the vacuum degassing vessel 14 is set to a pressure of 1/20 - 1/3 
atmosphere depending on conditions such as the viscosity (temperature) of the molten glass G for instance The level 
difference H between the molten glass G in the melting vessel 24 and the molten glass G in the vacuum degassing ves- 
sel 1 4 is set to such a level difference depending on the set depressurizing state so that the molten glass G is prevented 
from having a surface swollen with a layer of the rising bubbles like boiling water and that the layer of the rising bubbles 
is prevented from contacting a top inner surface or an inspection window of the vacuum degassing vessel to make the 
glass material is the layer adhere these portions and consequently make the adhered glass material mixed in the mol- 
ten glass, contributing to generation of defective products. When the pressure in the vacuum degassing vessel 1 4 is set 
at a pressure of 1/20 - 1/3 atmosphere, the level difference H between the molten glass G in the melting vessel 24 and 
that in the vacuum degassing vessel 14 is required to be about 2.5 - 3.5 m. 

[0072] As shown in Figure 3. the vacuum degassing vessel 1 4 has a path formed therein so as to have a sectional 
shape of certain dimensions, preferably a rectangular sectional shape. The vacuum vessel is constituted by refractory 
material 34 which forms a certain length of shell, preferably a rectangular shell, and which is preferably fine refractory 
matenal having a high bulk density and a porosity of not greater than 5%. preferably not greater than 3%. In the present 
invention, the sectional shape of the path 40 in the vacuum degassing vessel 14 is not restricted. The sectional shape 
may take any shapes such as a rectangular one shown in Figure 3. a circular one, an elliptical one and a polygonal one 
It is preferable that the sectional shape takes a rectangular one as shown in Figure 3. The following explanation will be 
made, taking a rectangular sectional shape as a typical example. 

[0073] The porosity is a rate of the volume of pores included in refractory material to the total volume of the refractory 
matenal. and represented by (1 -Bulk Specific Gravity/True Specific Gravity) x 100(%) . A larger volume of the pores in 
the refractory material has a higher porosity, and a smaller volume of the pores in the refractory material has a smaller 
porosity. The pores include open pores and closed pores, and are empty spaces having a size of not greater than 10 
mm. Empty spaces which has a size of greater than 10 mm such as voids in electro-cast refractory material are not 
included in the pores. The voids are empty spaces that are produced by volume shrinkage at the time of casting electro- 
cast refractory material. 
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^Tl^uT^n^V^^^ 9 10 thS f "* m0dG « *« present invertion is Cerent from 

me apparatus according to the second mode in that a portion of a path 40 in the vacuum degassing apparatus 1 4 that 

directly contacts wrth the molten glass is made of platinum alloy, and at least one of the uprSng pipe^^do^S 

5e SSiT* is used h a porton * tha motten g,ass — in *« ««■« 

S? 7 ?L 7718 fefra !! 0ry jr aterial USSd 1,18 present invention is r ^ctory material having a porosity of not greater than 

l h £ ™ 9 f ^ ° n 9 inate from *• 9as in the pores in the refractory material can be maintained in an acceS 

l^T 9 J T rf S u Ch r6fraCt0ry material iS US8d m 3 por1ion ofthe P 3 * as *9 vacuum degassing vJSJSct 
comact w.th the molten glass, and that erosion resistance is superior and the life of the path •"ESSE £22 
degassing apparatus meet the requirements. vacuum 

[0077] Next, the reason why the porosity of the refractory material which is used in accordance with the present inven- 
tion is limited to not greater than 5% will be described in detail. 

ESJ^ b ^ U f "T" 9 L" m0ltan 9laSS " bubWeS P°'« include ones originating from the open 

SSa^T °7?T 9 ^ th9 C ' 0Sed P0r9S 33 S * tad aar "' er - Most <* bubbles "Wna*g from the open pSes 
generate on an initial stage of the vacuum degassing treatment and the generation of the bubbles reduces as tteva* 

thfbS^^ degassing treatment. As state earlier, there is raised a problem in that £ J 

LI thi ^ kh 9 I , !!" POr8S arS de9aSSSd fr0m 1,16 molten 9 ,ass - def inita troubl. is likely to be invited 
rTartoa ^ 9 ^ toW 3 flreatar diameter *»" bubbies 3""" bv 3 ^mkS 

S, l^l 58 / 3 f ^ ing r f ning trea1ment 3 «*w "sed. the amount of bubbles per se is not 

Jl. T^nZlT 1 9 ^ h3S ?"* 3 l0W ViSC0Sity at 3 hish tem P«^^ to remove and degas the bubbles easity 

f b ^L e ?T • | f rwne * m,n,mized 34 a low temperature For these reasons, ft has been thought that the arS 

witn is £ ^ 3 VaCUUm d99aSSin9 ,reatment whBrain me tem P^ture of molted glass to be diit 

in^aL^T'' "tH*? ear,ien **• taw beS " 3 Prob ' em in * e bubbl " ** ori 9inate from the closed pore 
Sac^rv^L 9 W " 0t be i9 " 0red in th9 vaCuum fr ««"«nt because the load to the 

SSSS me normal d89assn9 ref ining ,reatment - requir8d redurto " * *• °< 

t^J*? 8 " re ^ or y ma * er ' al is used in the path of the vacuum degassing vessel 1 4 where the bubbles in the mol- 
Q are degassed by depressurization. the refraaory material in direct contact with the molten glass Q is 

degassing vessel 14 and the gas is released into the molten glass Q from the refractory material, generating fine bub- 

S^iSSS"! 0 - 1 " 0 2 T " * e m °' ,en 9 ' 3SS a ThS Which h3S 93nera,ed in the mo «^ glass G 

oTass Sf a t k P °1 S ?" refraCt0ry materia ' 5108 10 de P res ^"«tion include bubbles that rise in the mol- 
ten glass hav.ng a high v,scosrty and remain >n the molten glass G without being sucked out of the vacuum degassing 

Sdi rco S ! ™f T^!f ^"foo 8 , m0,te " 9,aSS G befefe ^"^assing include components of carbon 
? „£ su, ^ d,ox V de (fOa) gas and nitrogen (N,J gas caused from sal soda used as raw material for melting 

Smn^fj T I SOd ' Um nitfatB US8d 33 3 refiner - Most of 1,18 bubbles on'Sinating from these gases are 

b^SSSi" mT 1 "" dsg3SS,n 9 u traatmen t- "r 116 b ^les tha, remain in the molten glass G are dominantly occupied 

es-Lvt ro l K°;T a l e ° m ^ refraCt0ry matSriai °* 018 V3CUum d8 3 3ssin 9 vessel w. For this reason, ft is nec- 
essary to restrain bubbles from causing from the pores in the refractory material 

^l^TZ m ff r,al iS 8r0ded 35 m0lt8n 9lass passes * rou B h r *«*»y serial. As the erosion 
? t P ° r8S accalerated, y «P«- to Senerate the bubbles. From this viewpoint, the erosion 
Sir " 1 r8 J ctor y / mate « 31 ° r the erosion speed by the moften glass becomes a problemThas been^und 

(eros,on ^ is 3150 dependert on 3 ^ respect to the r8frac »^ — i3i US8d 

SSfrLST?? 2 iS Sh0Wn ^ re f onship between ^^"t P° ros «« o» alumina-zirconia-siiica electro<ast refrac- 
tory material and eros.on speeds of the refractory material by molten glass. The apparent porosities are porositiesof 

* r 9i3SS ,0f 3 Cenai " Peri0d ° f 1,18 com P^'tion of the used alumina-zirconiZ 
sdica electro-cast refractory matenal was 40% of zirconia (ZrO,). 1 1 .5% of silica (SiO,) 47% of alumina (AL.O in* 

P^JJ3S^ -aQ> *" °- 4% 0< W ~ 1,18 ^ 91355 W3S ^^Zl^nt^ 
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[008S7 As shown in Figure 2. the apparent porosities and the erosion speeds of the refractory material has a linear 
relationship, which can be approximately represented as a linear equation. 

[0036] Provided that the contact area of the vacuum degassing vessel with the molten glass is 50 m 2 and the quantity 
of flow (degassing throughput) of the molten glass is 1 00 torttJay. the relationship shown in Figure 2 shows that the ero- 
son speed at the apparent porosity of 0.5% (the porosity of 1.5%) is 0.1 mm/day. and that the erosion speed at the 
apparent porosrty of 1% (the porosity of 2.5%) is 0.2 mm/day. By extrapolation according to the relationship shown in 
Figure 2. it a found that the erosion speed at the apparent porosity of 3% (the porosity of S%) is 0.S mmttay. and that 
the erosion speed at the apparent porosity of 5% is 1 .0 mmttay. 

10087] Calculating a porous amount from the erosion speed of 0.1 mm/day at the apparent porosity of 0.5% (the 
° f ■ 7 l ™ 3f «» <-° 0l cm/day x so x 10* cmf x 0.015) is formed. C^ertnglhe p£us^cLSo £e 
number of bubbles hav '"9 a diameter of 0.5 mm. 1.1 x 10 s bubbles/day (=75 cm 3 /day/((4/3) x 3.14 x 0.025 3 cm 3 )) is 
formed. The number of the bubbles per 1 kg of glass is about 1 1 x 10 s btibbles/day/10 5 kg/bay) 
[0088] Thecalculation results for the apparent porosities of 1% and 3% which were likewise found are listed in Table 
1 together with those for the apparent porosity of 0.5%. 



Table 1 



Apparent porosity (%) 


Porosity (%) 


Erosion speed (mm/day) 


Number of bubbles 
(number/kg) 


0.5 


1.5 


0.1 


11 


1 


2.S 


0.2 


38 


3 


5 


0.6 


230 


5 


a 


1.0 


611 



[0089] Table 1 shows that in the case of the alumina-arconia-silica electro-cast refractory material, the number per 
1 kg of glass is about 230 at the apparent porosity of 3% (the porosity of 5%). This figure is at the very limit of the 
acceptable range for bottle glass and so on. 

[0090] In order to use refractory material to put a stable vacuum degassing treatment of molten glass into practice, it 
is required that refractory material of having a porosity of not greater than 5%. preferably 3%. be used at least in the 
vacuum degassing vessel, and that such refractory material is also preferably used in the dowrrfalling pipe and further 
preferably in the uprising pipe as well. 

[0091 ] As explained, when refractory material having a porosity of not greater than 5.0% is used in the path the vac- 
uum degassing treatment of molten glass is sufficiently earned out. and a decrease in the erosion speed can meet the 
required life for the vacuum degassing vessel 1 4. 

[0092] m the case of glass for optical application or electronic application wherein the required quality of glass is high 
and the acceptable number of bubbles is required to be a small value, use of refractory material having a porosity of not 
greater than preferably 3%. more preferably 0.5% can not only restrain the number of bubbles in the acceptable range 
but also restrain the refractory material from eroded so as to maintain the required life of the vacuum degassing vessel 
14. It is preferable that refractory material having different porosities is selectively used for the path, depending on the 
usage of glass product 

[0093] The refractory material which is appropriately used at a portion of the molten glass path in direct contact with 
the molten glass in the present invention is refractory material having a porosity of not greater than 5%. preferably 3% 
Any kind of such refractory material is acceptable as long as etutJon of the refractory material into the molten glass G 
does not degrade the quality due to coloration or heterogeneity for instance, and preferably the reaction to the molten 
glass G is small and the refractory material per se is difficult to be eroded by the molten glass. An example of such 
refractory material is fine refractory material such as electro-cast refractory material having a porosity of not greater 
than 5% and burned refractory material having a porosity of not greater than 5%. The electro-cast refractory material 
preferably has a porosity of not greater than 3%. and the burned refractory material preferably has a porosity of not 
greater than 3%. ^ " 

[0094] The electro-cast refractory material is one that is prepared by being cast into a certain shape after refractory 
material has been electrically molten. The burned refractory material is one that is subjected to a thermal treatment at 
a certain temperature to obtain a certain property such as strength after refractory material has been shaped 
[0095] Any kind of electro-cast refractory material is acceptable as long as the electro-cast refractory material has a 
porosrty of not greater than 5%. It is preferable that the electro-cast refractory material is fine electro-cast refractory 
matenal which has a high bulk density with a porosity of not greater than 3% and can maintain a vacuum in the vacuum 
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degassing vessel 14. Examples of such electro-cast refractory material are zirconia electro-cast refractory material 
alumina electro-cast refractory material, alumina-zirconia-sffica (AZS; AfeOa - Zr0 2 - SiOa) electro-cast refractory mate^ 
nal. specially. ZB-X9S0, MARSNITE (MB-G). ZIRCONITE (ZB) manufactured by AsaWOass Compan/uT 
[0096] The fine burned refractory material in the present invention has a porosity of not greater than 5% while normal 
burned refractory material has a porosity of about 20%. Any kind of fine burned refractory material is acceptable in the 
u^!?,^ 9 " 60 " ^'^asitis fine burned refractory material that has a porosity of not greater than 5%, preferably a 
high bulk densrty wrth a porosity of not greater than 3%. and can maintain a vacuum in the vacuum degassing vessel 
14. Examples of such fine burned refractory material are fine zirconia-silica burned refractory material, fine alumina 
burned refractory material and fine alumina-zirconia-silica burned refractory material. 

[0097] Since o.p-alumina electro-cast refractory material has a porosity of not greater than S%. this refractory mate- 
rial can be used in the present invention. 

E?S thS eleCtr °" CaSt refractor V material is used in the path of the vacuum degassing vessel 14. it is preferable 

that the refractory material has a cortex thereof scalped by preferably not lower than S mm in advance is used as the 
refractorymaterial. The electro-cast refractory material has the tendency to have many pores formed in the surface of 
the refractory material by involving atmospheric air on casting in the forming step and to have almost no pores formed 
inside the refractory matenal deeper than S mm. where the porosity is not greater than 1%. 

[0099] In Table 2 are shown apparent porosities in a cortex of 0 - 6 mm in depth and in a cortex of 6 • 20 mm in depth 
of aliimina-zirconia-silica electro-cast refractory material, which were obtained by picking the cortexes at 5 sites in one 
piece of the refractory material (sampling sites A-E). Table 2 shows that the sampling site S and the sampling site C 
have apparent porosities of not less than 1 .0% in the cortex of 0-6 mm in depth, and that all of the sampling sites A-E 
have apparent porosities of not greater than 1 .0% in the cortex of 6 - 20 mm in depth. The cortex of 6 - 20 mm in depth 
at the ftve sites has an average porosity of 0.81% and a deration of 0.07%, and the cortex of 0 - 6 mm in depth has an 
average porosity of 0.87% and a deviation of 0.34%. This means that the cortex of 0 - 6 mm in depth can be scalped to 
remove localized variations in the porosities in the cortex, making the porosity in the cortex almost equal to the porosity 
in an inner portion of the refractory material. H ' 



Tacfe2 



Sampling site 


Apparent porosities (%) 
in cortex of 0-5 mm in 
depth (%} 


Apparent porosities {%) 
in the cortex of 6 - 20 mm 
in depth 


A 


0.67 


0.84 


B 


1.0 


0.75 


C 


1.37 


0.39 


0 


0.34 


0.85 


E 


0.46 


0.72 



[0100] The cortex of the refractory material can be scalped to restrain the bubble forming phenomenon that occurs 
on an mrtial stage when the molten glass Q directly contacts with the refractory material, smoothly carrying out the 
degassmg treatment for the molten glass G from the initial stage of the operation of the vacuum degassing apparatus 

[01 01 ] Scalping can be carried out by a known grinder or diamond grinder. 

[0102] Scalping is required only to electro-cast refractorymaterial. The porosity in a cortex of burned refractory mate- 

m a m« n ° t -£ l9her that ' nner P 01 "* 0 " of the burned refractor y material unlike eleciro-cast refractory material 
[01 03] The method to use such refractory material having a porosity of not greater than 9X to form the vacuum degas- 
sing vessel so as to have a certain sectional shape such as a rectangular sectional shape and a certain length is not 
restncbve. For example, small pieces of rectangular paralleled electro-cast refractory material may be three-dimen- 
sionally put on another m staggered fashion or in a labyrinlh structure, and bond is filled in joints between the pieces of 
refractory matenal to obtain a certain length of shell such as a rectangular shell. For example, short pieces of electro- 
cast refractory matenal m a shell shape such as a rectangular shell shape may be piled in a single column, and bond 

may be filled in joints between the short pieces to obtain a certain length of shell such as a certain length of rectangular 

sn en. 

[0104] As stated earlier, the conventional vacuum degassing apparatus 200 as shown in Figure 1 2 has used a circular 
shell made m noble metal such as platinum alloy at portions in contact with the molten glass G because of a low reac- 
tivity at high temperatures and sufficient strength at high temperatures. The use of noble metal has restricted the tern- 
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peratore of the molten glass at an inlet of the apparatus to not greater than a certain value fe.a 1400-O ^h^h^. 
unable to make the diameter of the degassing vessel 204 lamer than a ZZT Jl l . < C)iandhasbeen 

5 temperature of the molten 9 g ,ass Q at"e" et oTthel^X ^^S^SlSK *" 
has required heating to compensate cooling in the apS?£ Tr^^^^^Si^ ^ 

!^ri2Sr~ - 056 of metal - - - ■**— - ^S e r tT to ^ S sss 

w So^L 0 ^ hand l in a , CCOrdanca ™* 1,18 present i"^ 0 "- at 'east the vacuum degassing vessel 14 can be 
w bu.lt from the refractory matenal according to the present invention to eliminate the tt^eJtodtaS^V*^* 

between a quantity of flow Qc which is obtained when the vacuum degassina vessel 

degassing apparatus 100 is constituted by a circular shell hav^qa dSS D CO " van J onal vacuum 

>5 flow Q which is obtained when the vacuum degassino^S m! % « 4 a quanS * °' 

the present invention is formed in a s^ 

.nd.cate that the present invention with the rectangular shell used can Lease *a wjyrfto. Q taSj 

Q/Qc = (D 2 /2Afr<D/2) 2 /2} « 4/* » 1 .27 

space depending on a bubble breaking amount since the width of the upper soace S remains unehannarf -n,= . ..TZZ 
rectangular shell can set an appropriate depth to further increase the Jan^ f^ E 3the sS ofa 

^ZZTT in the C3nvent, ' ona ' «-^o"a, E ^ S^iSSE 

» S10T |£2 Si."™"" ^ * Bt in 0359 - *■ aho " n a shell us^T 

, . ^ ^ th8 vacuum de 9 ass,n 9 v esssl W which has a certain sectional shape such as a rectanouter 
sectional shape ,n accordance with the present invention is not restrictive. The length is s* deSna it 52? 

uum aegassing vessel 14. so that the molten glass G can stay in the vacuum deoassino vessel 14 oni» inr a 
requ,red for *e bubbles in the molten glass G to rise, be broken and be removed in ScieU^at is to Sv a 
» required for the molten glass to be sufficiently degassed can be obtained V 3 ^ 

r 9 T^ 9 PiP8 1 6 a " d thS dowrta,,in 9 *• 18 to maintain the level difference H between the mol- 

ten glass G ,n the vacuum degassing vessel 14 and the molten glass G in the melting vessel 24 The , aTw 
bnngs up the molten glass G before degassing from the mettina vessel 24 i^nt^Z T P W 16 

theunstreamnif jshu,^^^ , ™ mB / e rnerang vessel 24 into the vacuum degassing vessel Uthrough 

w diaSoTom J ?"* essur.zat.on. The downfalling pipe 1 8 downwardly leads out the molten glass GaSer 
« aegassing from the vacuum degassinq vessel 14 and farwarrte tha mni*^ . a tulCT 

shown) through the downstream prt 28 * m ° lte " * 3 success,ve ^ng ~l (not . 

Sov 9 is ir?l° U ^rZL?"n PiP V 6 f d the , dw "* ,Bn 9 P'Pe 18 may be constituted by noble metal such as platinum 
of r^ZTE! vmua ' H rt ? pre,erabte *»* ° f *e PiPes. in particular the uprising pipe 1 S. fe rraS 

of refractory matenal having a poros.ty of not greater than 5% as in the vacuum degassing vessel 1 4 in terms 7*1 

SSSXS* imrodUcton j in,et ) * *e mcten glass G. For mJESZE^££lZ£. 

^SS^S^" "I*?*! *" *• ° f 3 reC,an9Uiar She " mada - ««»erS, Sngl pS- 

SrlST ^ 5% can be used. It is further preferable thatboth pipes are constituted by a rectangular sLl made 

IntST ! 3 P ° r0Sity ° f " 0t 9reater ^ ' ust « *e vacuum degassing SuiZ 

5 Z of L?^ m9 | ""V- 6 T d d0Wnfa " ing Pipe 13 may be detected cfaprtjon the ^n%of 

Santos iT 9 SS ° VaCUUm de9aSSin9 VeSSel 14 ' ° r the de9assi "9 "-ouohpTh the'vacuum d^a2rS 

S1L 01 acoorda " c l e 1,18 P re sent invention, the vacuum degassing vessel 14 can be constitut-d by a shell made 
of refractory materia, having a certain sectional shape and a porosity of not greaterthan 5%. ^^ElSES 
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SitL * t 7 ™1 J- J 3 3 rectangular seai °" 3 P""** of not greater than 5%. to increase the quantity 
n^l ^ ^ 3 V3CUUm d69aSSin9 V6SSel 14> ^equentiy to increase the degassing through 

S iTtL T"^ ^ir 9 ^P™ 3 - When *e degassing throughput increases, that is to say when to quantity of 

Z ^PJT ,m ° UPriSin9 PiPB 16 inCreaseS - 1,16 sensifa,e h6at ^""^ bv *» molten glaSoTntt 

h~^T J^ST 9 f ParatU K S 10 " ecessari| y Tne present invention can eliminate heating tf» vacuum 

SrS ™ A 30 0 " hSatin9 ^ Parfajlar which has been required to mrfrSE 

outlet temperature of the vacuum degassing apparatus 10 at a certain value in the corwentionalapparatus because c5 

nS. 222 r t H qUamrty 01 ?" f**"""* *• P™-* invention, the inlet (introductio^empe^ ofthe 

£ZS ™S 1 e9aSS,n ? 1 °- ** iS 10 the M t^Perature of the malting vessel 24 

can! be raised since at least the vacuum degassing vessel u is not required to be made of noble metal such as platinum 
alloy. By increasing the outlet temperature of the melting vessel, the sensible heat carried by the molten Z S 

X^eTa^ce^" ' ° * ^ ** """" ^^^^ 

ni^fr T ent inVe^ !i < 0n • * iS Pfeferable 8,31 ** de B a « in B throughput that is the quantity of the flow of the 
2Z2?o? v ^ Cuum t de 9 ass,n 9 vessel u {in the path having a rectangular section therein) is 1 5 to-day more 

K ™f™ * h hSatin9 ^l™" 6 " SlaSS G dUri " 9 degaSSin9 - ""Sequently eliminating the ^ 

ng device The reason why the degassing throughput in the absence of the heating device is limited to not less than 15 

SESnV* " I*? qU3ntity ° f 9,355 5ma " er ^ ^ <*" n0t maintain * e te-peratureTn L enSSum 
degassing apparatus having a minimum size in a desirable temperature range 

i°I 121 « lf ^ adegassin 9 throughput is increased, the outlet temperature of the vacuum degassing apparatus 10 con- 

YSEZF * temp8ratUre * 3 SUCCessiv9 freating * Partcu.ar a forming treating vei S iS 

1,221 « n PS T rS ? S8S f Ce * e SenS33le heat ^"'^ * the molten 9 tass G into the vacuum degassing 
apparatus 1 0 ,s also .ncreased. In such cases, the molten glass Q has to be cooled inside or outside the vacuum degas 
sing apparatus 10 so that the inlet temperature of the forming treating vessel as the successive treatag^laTa 

SSo^S^ 1 ™- 2* r^f^' * * e dS9aSSin9 ° r *• quanti * of flow the ^°'ten Sas' S no less" 

aflv ™ y r!? T !* *• vacuumda 3 assin 9 ^tus 10 according to the present invention prefer- 

f„lJ 9 deV ' C ! PrOV ' ded there ' n - 7118 rS3SOn why ,he degassin 9 throughput is limited to not less than 30 

L^^EL^^T? ***** * de9aSSing -PP™*- * made 

™S to ln^n! ^ C0nstructl0n < 3 lar 9er influx quantity of glass material rises the temperature too 

tam hS„„ I 9 8 ^ e f eroa ° n the refractor y material or P rev «"t the temperature in the vacuum degassing apparatus 
from being lowered to a value appropriate to forming. ^ 

Sl^L!^?' 836 '!- 'TrL 00, !t iS preierable * e viscosit y of the molten glass G. that is to say the temperature 
^ ! 5 ^ 9 l 69355 '" 9 4,18 V3CUUm degasSin9 vessel 1 4 " ^ a result - « P r ^e that the cooling 
^ If ^ ^ 00 30 0Utlet S,de ° f * e VaCUUm degassing vessel 1 4 or «» downfalling pipe 1 S such as an outer 

»«W Portion °* downfalling pipe 18 as in the shown vacuum degassing apoaratus 

me v™ C00 " n ? 1 de r ,ce 22 ma * be P^ ded the entire vacuum degassing vessel 1^on an inlet sideS 

Lr^dSZ ^ T 9 ,I ^' 3t 3 Paft ° f ° ther P^ 0 " 5 ° f at a " uprisin 9 P ipa 1S - and the cooling device 22 may be 
SevIcelL aLordLn t°JL e MP "" n ?. p,p * ! a " 5116 de9asa '"9 vesssl 14 ^ the downfalling pipe 18. The cooling 

^ r J? ^ 9 H . P raSm inVent,0n may 56 constitut ed by winding a cooling pipe 22a using water ard so on 
as a refrigerant as n the shown example. The position, the direction, the distance and the size of the cooling pipe 22a 
may be appropriately set as required. Liquid otherfhan water, or gas may be used as the refrigerant 
[01 1 41 In the present invention, instead of proving the cooling device in the vacuum degassing vessel 1 0 the coolina 

feSinS moKi 21 otST 'VT*"* downstream «* ** « quired to prom«e the homo- 
SJ^ . t 1 d egassmg. The provision of the cooling device at such a position may control the 

nle temperature of the forming treating vessel as the successive treating vessel to a certain temperature 
[01 1 5] However a heating device for commencement of operation (not shown) is provided to carry out heating for 
commencement of operation in the apparatus according to the present invention as well since the nSSv^SSw 

t^S^^ 9 aPPafa r 10 ' SP8C8ka,y UPriSin9 Pipe 1S - the « uum deg ^ng ve^el 14 and the 
dcwnfail ng p, P e 18 have a lower temperature than a suitable temperature when starting the degassing treatment or 
starting to flow to molten glass G. Since the molten glass G is required to exist not only in tine upstrSn pit SElato 

molten^Tf * ^ * * '* ^ 3 ^ < not show ") * to flow the 

m^ « 9 a ^ 5 GfrOT * 9up ^ eamp,t 26 to *e downstream pit 28 under the siphon principle 

[011 6] The vacuum degassing apparatus 10 according to the present invention may. of course be applicable even 

r™^ qUart,ty ° f thS m °' ten 9 ' aSS G iS ,SSS *" 1 5 ton/da V- th« case, a heating device ?^MnZ 
ZStl 00 " ^ m ° ,ten 9 ' aSS ^ 0perafon Since *« is 3 possibi| ity that the molten £TSS 
SJ^ ' JT= 9aSS ' n ^ ' apparatus 10 ^ t" 6 outlet temperature of the vacuum degassing apparatus is lower 
than a certain set temperature because the sensible heat carried by the molten glass is small as Vie conventual 
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2Sf2 L ^ heat,n9 d9 ^ a 32 ' 3 heater 323 « wound around an outer circumference of the upper 

UPnS,n9 T ^ ^ * d0ned HneS " ngure 1 • 1118 P fesert inv «^°" ^ not restricted to suchan 
example, and may use known heatng devices. Although it is preferable that the heating device 32 is provided at efth* 
of the upns.ng p,pe 16 and the .nlet side of the vacuum degassing vessel 1 4 or both positions, the proven of th« to? 
5 !? d8 " ca ' s ^ , n the absence* the heating ST*12 poS- 

SSZ^E™ I" 9 deV ' C8 31 SUOh PCSifolS ' a heati "S device rnay °e provided at the entire porter 
» ?th! ri ^,r ^^J! 8381 K fef * Sither 01 the ouUet ^ e * the ^cuurn degassing ve^ 

Su^^^S^SS! ? ° f n bt f 90 k 0 " 8 - Th8 Pr0ViSi0n * 1,19 heatin 9 **ice 32 is required whence de^aSng 
throughput of the molten glass Q is less than 1 5 ton/Uay. in particular 10 ton/day. u ^ 

10 Ell?,- aCC0rd3 " Ca ™? 1,16 preSent invention - me inlet ^mperature of the 'vacuum degassing apparatus 10 (the 
^^"^ l 0 !* 6 m0tten 9laSS G) " * * say the outlet temperature of the melting vS^ mW be 
oTS IZ^T ^ r 6 COnVanti0nal apparatuS - md is not to a specific value. The outiat empSe 

11 S "^r 9 ^P^^'y se,ected depending on the kind (the viscosity at a treating temperSS^ 
tJie throughput of the molten glass Q to be degassed, and the material forming the respective portions of ttTScuuSi 

^r 11 ? 10 r *• ^ * *• ^ * rectory mateS HoJ^«2£ESE 

tun. of the molten glass Q at the melting vessel 24 is preferably 1300 - 1450-C. taking melting cost by heatinoin Ihe 

2 ar ^l in ^ S "° ' imitati0nS OT *" m0lten 9 ' ass G t0 b8 dealt with by fte vacuum degassing 

Pfl 22?J* 1 ° accard,n 9 t0 . * e P resant '"vention. Examples of the molten glass are soda-lime glass and boro-sifica to 
SSiS? the^um degassing apparatus according to the present invention can deal with a large amount <S 
SSTtJ " ^ aPParatUS tob9USedt ° daal ^ w«ich needs treatment a la^e amount 

2 ^-h « I" 30 ""?* 89353 '" 9 aPParatlJS ^ m0lten 9lass acCordin9 » the present invention is basically constructed 
as stated earlier, and the operation of the apparatus will be explained 

« E2L *!! ° P .! ra,i0n * ,h8 VaCUUm de^ng apparatus 10. the bypass (not shown) is opened to 

Tdo2 9 T - ?" 8 V8SSel 24 in, ° ft8 VaGUUm de9assi "9 Wtus 10 or from the ups£Tam p°t 

fh J™* downstream prt 28. and the lower ends of the uprising pipe 16 and the downfalling pipe 18 are immersed in 
the molten glass G. After completion of immersion, the vacuum pump (not shown) is operated to i draw a vacuum^ 
vacuum hous.ng 12 through the suction port 12c. consequently to draw a vacuum in the vacuum d^g^e. U 
*> iHZjr "* 140> d8preS5Uriang inside - 1,18 degassing vessel 5 tTa JrZr. of 

[0120] As a result, the molten glass G is risen in the uprising pipe and the downfalling pipe 18 to be introduced into 
tte vacuum degasang vessel 14. The molten glass is fiiied in the vacuum degassing viseiu to have a SrS 

* " t0 T "* 3 . M Va,U8 ° f ^ dBf8renC8 H b8tW98n 4,18 ™ lt8n *" G^nthe Sng veS 
* Si's do e s2 CUUm 89333,09 ^ U ' ^ th8 SPaCS 145 With 8 VaCUUm « ta - n is P rovided . Afterthat 

Sand JIZ^J^?? n ^' aSS Q iS riS8n in UPriSi " 9 Pip8 16 fr0m meltin9 V8Ssel 24 throu 9" the upstream pit 
vessel 1 ! Z^Tn T r" 1 ^ 89333 " 19 VeSS81 U " Whi ' 9 th8 mollen 9lass G ftows in the vacuum degassing 
sfn? Ill , 4 ^ 9 * 13 ^ aS l md8f 3 C8rt3jn depressurization condition. Specrfically. in the vacuum degas^ 
s ng vessel 14 under such a certain depressurization condition, the bubbles in the molten glass G rise in the rrSten 

^ bl0Ck ^ * * 8 303 3nd 30b *« br8ak *~ ° r th8 -Pinto the uppl" JiTt 

and breaks there. Thus, the bubbles are removed from the molten glass G 

Safl.^!,™^ 9 'M S < ! thU l d89aSS8d is led 004 from m8 racuum degassing vessel 14 into the downfalling pipe 

2*£TJ%^1 m d °T fa ! n9 P ' Pe 1 8l iS intr0dUC8d int0 4,18 downstream pit 28. and is led out from the 
« c ^! successive treatmg vessel such as the forming treating vessel (not shown). 

vesS 14^^ 

u? b 85 Wh,Ch 98n8rate frQm ^ rafractor y mat erial of the vacuum degassing vessel 14 
is reacted ,n an acceptable range, the erosion of the refractory material is restrained, and the Mfe of L vacuum 

SHE? * . ^ reqUif8d l8V8i - *• ^ 8Xample ' 1,18 ^antity of flow or the degass.Jg ^ugT 

so 11 , !C 9 3SS ° b8 ,nCr83Sed Wlt " me 530,8 Size 30(1 the same P r «sure loss maintain^ in composer, 
SIT COm ; ent,0nal d&3aSSin9 vessel 104 navi "9 a circular section and made of noble metal s."e atS 

m^ST &9aSS,n9 V8SS !' h3S 3 reCtan9 ' Jlar sec!ion ^ ma d 8 ^ refractory material such as electro-cast refractory 
S?S ST* 3 P r Srty .° f " 0t ft3n 5% - 7118 Sh0 "" 1 axampl8 030 ^Srtif fcantJy increase the quantity of fioW 

21!?^^? T r ° U9 ^ P * t rth0 ^ m3kin9 ,h8 3428 01 ^P^ 5 «««*«-y 'arger since only the widt^can Z 
expanded without changing the height 

S in !h!L' n a "° fdanCe witn 1,18 present invention - bating the molten glass G during degassing which has been needed 
si™ ?" "1 8liminated ' ^ consec ' U8n t'y the heating device for such heating is not required 

since , ft. degassmg tf,roughput can be maeased. When the cooling device 22 is provided to coo. the molten glass Q 
m part.cu.ar to coo. the moften glass G after degassing in the apparatus according to the present invention the dSaT- 
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sing throughput can be further increased without making the size of apparatus larger in comparison with the size of 
other apparatuses such as the melting vessel 24 and the forming treating vessel. 

[01 25] As explained, in accordance with the first and second modes of the present invention, refractory material hav- 
ing a poros»ty of not greater than 5%. instead of noble metal alloy such as platinum alloy, can be used in a portion of the 

s path in direct contact with the molten glass such as the vacuum degassing vessel, the uprising pipe and the downfaliing 
pipe to build the vacuum degassing apparatus at a lower cost than use of noble metal such as platinum, in addition the 
number of the bubbles which generate from the pores in the refractory material is restrained, to put the number of the 
bubbles in the molten glass in the acceptable range, preventing the quality of glass products from lowering. The erosion 
in the path by the molten glass can be also restrained to satisfy the path life which is required to the vacuum degassing 

10 apparatus 

[01 26! In accordance with the first and second modes of the present invention, the quantity of flow of the molten glass, 
consequently, the degassing throughput of the molten glass can be increased while maintaining the size and the same 
pressure loss as the conventional apparatus. For example, since only the width of the vacuum degassing vessel can be 
extended without changing the height of the vacuum degassing vessel, the quantity of flow can be further increased and 
is the degassing throughput can further increased without making the size of apparatus excessively larger. 

[0127] In accordance with the first and second modes of the present invention, the degassing throughput can be 
increased to eliminate heating of the molten glass during degassing which has been required in the conventional appa- 
ratus. There is no need for the heating device ibr such heating. 

[01 28] When the cooling device is provided to cool the molten glass, in particular to cool the molten glass after degas- 
sing in the first and second modes of the present invention, the quantity of flow of the molten glass and the degassing 
throughput of the molten glass can be further increased without making the size of apparatus larger in comparison with 
the size of other apparatuses such as the melting vessel and the forming treating vessel. 

[01 29] Now, the vacuum degassing apparatus for molten glass according to the third mode of the present invention 
will be described in detail, referring to Figures 5 and 6. 

[01 30] In Figure 5 is shown a schematic vertical sectional view of the vacuum degassing apparatus for molten glass 
according to the third mode of the present invention. 

[01 31 ] The vacuum degassing apparatus 50 according to this mode is used in a process wherein the molten glass G 
in the melting vessel 24 is vacuum<iegassed and is continuously supplied to a successive treating vessel such as a 
floating bath as a forming treating vessel for plate glass and a forming operating vessel for bottle (not shown). As shown 
in Figure 5. the apparatus is basically constituted by a vacuum housing 12, a vacuum degassing vessel 14, an uprising 
pipe 16. a downfaliing pipe 1 8 and extending pipes 52 and 54. 

[0132] The vacuum degassing apparatus 50 basically has the same structure as the vacuum degassing apparatus 
10 shown in Figure 1 except that the uprising pipe 16 and the downfaliing pipe 18 have lower ends provided with the 
extended pipes 52 and 54 made of noble metal such as platinum. Identical parts are indicated by the same reference 
numerals, and detailed explanation of these parts will be omitted. The parts that are shown in Figure 1 but not shown 
in rtgure 5 are omitted for simplification of the drawings, and these parts may be provided as reouired. Although the 
following explanation will be made with respect to a typical example wherein electro-cast bricks 56 are used as refrac- 
tory furnace lining forming the vacuum degassing apparatus SO according to this mode, the present invention is not lim- 
ited to this example. Any kind of refractory material is acceptable as long as the refractory material which has been 
explained with respect to the first and second modes of the present invention is used. 

[01 33] In the vacuum degassing apparatus 50 according to this mode, the main portions such as the vacuum degas- 
sing vessel, the uprising pipe and the downfaliing pipe 18 are constituted by the electro-cast bricks 56. 
[0134] The lower end of the uprising pipe 1 6 is required to be fitted into the open end of the upstream pit 26 and be 
immersed into the molten glass G in the upstream pit 26. The lower end of the downstream pipe 18 is also required to 
be fitted into the open end of the downstream pit 28 and to be immersed into the molten glass in the downstream pit 28 
The reason why the lower end of each of the pipes is required to be fitted into the open end of each of pits is that the 
entire vacuum degassing apparatus is vertically movable with the depressurizing condition maintained, allowing the 
operation to be carried out under different depressurizing conditions. 

[0135] However, when the lower end of the uprising pipe 16 which is fitted into the upstream pit 26 and is immersed 
into the molten glass G is also made of the electro-cast bricks 56. there is provided a problem in that joints between the 
bricks and an interface of the bricks are likely to deteriorate to cause breakage such as fracture, preventing sufficient 
durability from being obtained as stated earlier. 

[0136] When the lower end of the downfaliing pipe 18 which is fitted into the open end of the downstream pit 28 and 
is immersed into the molten glass G is made of the electro-cast bricks 56, the same problem arises. 
[0137] In this mode with the extended pipes used, the uprising pipe 16 and the downfaliing pipe 13 have the lower 
ends provided with the extended pipes 52. 54 made of platinum or platinum alloy, and the extended pipes 52. 54 are 
fitted in the upstream pit 26 and the downstream pit 28 to be immersed in the molten glass G therein, respectively, as 
shown in rtgure 5. Such arrangement can dispense with direct immersion of the uprising pioe 16 and the downfaliing 
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pipe 18 made of the electro-cast bricks into the molten glass G. and significantly improve the durability against the mol- 
ten glass G in the upstream pit 25 and the downstream pit 28 to solve the problem. In addition, it is easy to move the 
entire vacuum degassing apparatus vertically. 

[0138] Specifically, the extending pipe 52 made of platinum or platinum alloy is provided to communicate with the 
5 lower end of the uprising pipe 1 6 as shown in Figure 6. Since the extencfing pipe 54 on the side of the downfalling pipe 
1 8 is formed in the same way as the extencfing pipe 52 on the side of the uprising pipe 1 6, explanation will be made with 
respect to only the extending pipe 52 on the side of the uprising pipe 16. and explanation of the extencfing pipe 54 on 
the side of the downfalling pipe 18 will be omitted. 

[01 39] The extending pipe 52 includes a cylindrical member 52a, a fixing flange 52b provided at one end of the cyiin- 
10 drical member 52a, and a sealing flange 52c provided on the cylindrical member away from the fixing flange 52b by a 
certain distance, and is made of platinum or platinum alloy. The inner diameter of the cylindrical member 52a is almost 
the same as the inner diameter of the uprising pipe 16 so as to provide smooth communication with the uprising pipe 
1 6. 

[0140J The fixing flange 52b is inserted between electro-cast bricks 56, 56 forming the uprising pfce 16 or joints 

15 between the bricks to fix the upper end of the extending pipe to the uprismg pipe 16. 

[01 41 ] Although fixing of the extending pipe 52 to the uprising pipe 1 6 may be carried out by other measures without 
use of the fixing flange 52b, it is preferable that the extending pipe is fixed by using the fixing flange 52b. Unless the 
cylindrical member 52a has the upper end provided with the fixing flange 52b. there may be created a problem in that 
the molten glass G enters between the outer surface of the cylindrical member 52a and the electro-cast bricks 56, and 

20 thermal insulation bricks 20 and thermal insulation material 58 are eroded to increase the thermal conductivity in the 
vicinity of a bottom of a housing leg 1 2a so as to elevate the temperature on an outer wall surface of the housing, caus- 
ing the housing to be deformed. The provision of the fixing flange 52b at the upper end of the cylindrical member 25a 
can solve this problem as well. The provision of the fixing flange can prevent the temperature of the housing leg 12a 
from increasing and avoid downward distortion caused by the raised temperature. As a result leakage of the molten 

25 glass G which is caused by a shift or a slack in joints of the electro-case bricks 55 or the thermal insulation bricks 20 in 
the housing leg 12a, and consequently an excessive increase in the temperature of the housing leg 12a can be pre- 
vented. 

[0142] Thus, deformation of the entire apparatus due to thermal stress which is caused by a local increase in temper- 
ature, and an accelerative increase in temperature due to an increase in the leakage of the molten glass G can be also 
30 avoided. 

[0143] On the other hand, the sealing flange 52c cooperates with sealing members 60 explained later to close a lower 
end of the housing leg 12a from outwardly so as to ensure airtightness in the vacuum housing 12 when the extending 
pipe 52 is provided at the lower end of the uprising pipe 16. The sealing flange 52c may be used as an electrode to 
make the extending pipe 52 made of platinum or platinum alloy self-heated, maintaining a suitable temperature. With 
35 respect to the measures to ensure airtightness at the lower end of the housing leg 1 2a. not only the sealing flange 52c 
but also other measures can be used. 

[0144] Although it is preferable that fixing of the extending pipe 52 to the uprising pipe 1 6 is borne by the fixing flange 
52b as explained, the sealing flange 52c may perform both functions to provide vacuum sealing and bear the weight of 
the extending pipe 52. and the fixing flange 52b may perform only a function to prevent an outer surface of the extending 
40 pipe from separating from inner surfaces of the electro-cast bricks 56a in a passage surrounded by the bricks S6a. In 
this case, the fixing flange 52b performs not only a function to avoid minute misalignment of the extending pipe 52 in 
the horizontal direction but also a function to prevent the molten glass G from entering between the outer surface of the 
extending pipe and the inner surfaces of the bricks. 

[0145] Although there is no limitations on the composition of the platinum or the platinum alloy used in the extending 
45 pipes 52. 54, it is preferable that the extendng pipes are made of platinum alloy including 70 wt% - 98 wt% of platinum 
and not less than 2 wt% of Rh in terms of superior strength at elevated temperatures. 

[01461 The extending pipe 52 thus constructed has the fixing flange 52b inserted and sandwiched in the joints 
between the electro-cast bricks in the vicinity of the lower end of the uprising pipe 16. and the sealing members 60 are 
provided between the sealing flange 52c and the vacuum degassing housing 1 2 to ensure airtightness at the lower end 
so of the housing leg 1 2a. There is no limitations on the sealing members 60 as long as the sealing members have airtight- 
ness and thermal resistance. Since it is sufficient that the inside of the housing 12 is depressurized to an atmospheric 
pressure of 1/20 at the most, vacuum sealing material which is normally used in a vacuum device and has thermal 
resistance can be selected. 

[0147] Although the extending pipe 52 has the fixing flange 52b sandwiched in the joints between the electro-cast 
ss bricks 56 as explained, the sandwiching force is provided by the empty weight of the electro-cast bricks 56. If the 
number of the electro-cast bricks 56 which are piled on the fixing flange 52b is small, there is a posstoflity that the joints 
can open due to expansion and shrinkage by the molten glass G to lower the sandwiching force, causing the molten 
glass G to leak because of insufficient sandwiching of the fixing flange 52b. 
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[0148] In order to cope with this problem, a reinforcing member 62 is provided above the extending pipe 52 as shown 
in Figure 6 to reinforce the sandwiching force to the fixing flange 52b by the eiectro-cast bricks 56. There is no limita- 
tions on the materiaJ and the structure of *e reinforcing member 62 as long as the reinforcing member can downwardly 
push the electro-cast bricks 56 above the fixing flange 52b. For example, when the eiectro-cast bricks 58 are piled high 
above the fixing flange 52b, it is possible to firmly sandwich the fixing flange 52b by the empty weight of the bricks with- 
out use of the reinforcing member 62. 

[0149] It is preferable that the eiectro-cast bricks 56a which are provided at the lowest position in the housing leg 1 2a 
have inner lower corners facing the extending pipe 52 and the bottom of the housing leg 12a cut out in a circumferentiaJ 
direction, and the thermal insulation material 58 is provided in the cutouts as shown in Figure 6. Since a portion of the 
bottom of the housing leg 12a which is near to the circumference of the extending pipe 52 is most easily heated, there 
is a possibility that the temperature of that portion is excessively raised to produce distortion or deformation, inviting the 
leakage of the molten glass G from the joints into a thermal insulating brick layer 20. The provision of the thermal insu- 
lation material 58 in the vicinity of the extending pipe 52 can prevent the temperature of the bottom of the housing leg 
12 from being excessively raised to further improve the durability at that portion. By providing the thermal insulation 
material 58 only at the lower portions of the eiectro-cast bricks 56. sufficient strength can be ensured at upper portions 
of the eiectro-cast bricks 55a to firmly sandwich the fixing flange 52b. 

[0150] There is no limitations on the thermal insulating material 58 as long as the thermal insuiating material has a 
high thermal insulation property than the eiectro-cast bricks 56. 

[0151] As explained, the lower end of the uprising pipe 1 6 which is immersed into the molten glass G in the upstream 
pit 26. and the lower end of the downfalling pipe 1 8 which is immersed into the molten glass G in the downstream pit 28 
can be made of platinum or platinum alloy to prevent the lower end of the uprising pipe 16 and the lower end of the 
downfalling pipe 1 8 from being degraded or broken and to ensure sufficient durability to the molten glass G 
[01 52] It is preferable that the housing leg 12a is provided with a cushioning device 64 so as to be capable of expand- 
ing and contracting, depending on thermal expansion and thermal shrinkage of the electro-cast bricks 56 or the thermal 
insulting bncks 20 in the vertical direction When the electro-cast bricks 56 forming the uprising pipe 16 or the thermal 
insulation bricks 20 around the electro-cast bricks thermally expand, the cushioning device 64 can absorb the thermal 
expansion of the uprising pipe 16. When these bricks contract, the cushioning device contacts the housing leg 12a so 
as to follow the shrinkage of these bricks, preventing the joints from being opened by the shrinkage to avoid the leakage 
of the molten glass G respectively. The breakage of the vacuum housing 12 and a drop in the depressurizing degree 
30 caused thereby can be prevented to improve the durability and the safety of the apparatus. 

[01 53] Specifically, the cushioning device 64 includes a cylindrical bellows 66 and lifting devices 68 as shown in Figure 
6. The cylindrical bellows 66 is a mernoer which hermetically and flexibly couples an upper portion (hereinbelow, 
referred to as the upper portion 1 3a) and a lower portion (hereinbelow, referred to as the lower portion 1 3b) of the hous- 
ing leg 12a which are cut and separated in the horizontal direction. Although there are no limitations on the kind of the 
cylindrical bellows 66, it is preferable that the cylindrical bellows is made of metal, in particular stainless steel as in the 
vacuum housing 12. 

[01 54] As long as the lifting devices 63 can upwardly urge the lower portion 1 3b of the housing leg 12a. there are no 
limitations on the lifting devices, and various kinds of mechanism can be adopted. For example, each of the lifting 
devices may be constituted by a pair of coupling members 70, 72 to be fixed to the upper portion 13a and the lower 
portion 13b in a confronting way, a bar 74 having a lower end fixed to the lower couoiing member 70 and passing 
through a hole in the upper coupling member 70, and an urging member 76 connecting both coupling members 70, 72 
and upwardly urging the lower portion 13b as shown in Figure 6. Although there are no limitations on the urging member 
76, a preferable example of the urging member is a coiled spring. This arrangement can downwardly escape the ther- 
mal expansion of the electro-cast bricks 56 or the thermal insulation bricks 20 against the urging force from each of the 
urging members 76 to avoid the distortion or the damage of the apparatus caused by the thermal expansion, improving 
the safety of the apparatus. When the electro-cast bricks 56 or the thermal insulation bricks 20 contract this arrange- 
ment can make the lower portion 13b follow the shrinkage to prevent the joints from being opened. It is preferable that 
such a lifting device 68 is provided at pti*al positions to the cylindrical bellows 66 arranged in a single form. 
[0155] The housing leg 12a may have the lower end reinforced by ribs. 

[01 56] An example of the process wherein the molten glass G is degassed by the vacuum degassing apparatus 50 
according to the third mode and the degassed molten glass is continuously supplied to a successive treating furnace 
will be described. 

[01 57] A vacuum pump (not shown) is used to draw a vacuum in the vacuum housing 1 2 and in the vacuum degassing 
vessel 14. Under such a state, the glass G which has been molten in the melting vessel 24 passes through the 
upstream pit 25, rises in the extending pipe 52 and the uprising pipe 16 to be introduced into the vacuum degassing 
vessel 14, and are degassed in the vacuum degassing vessel 14 under a certain depressurizing condition. The 
degassed molten glass G is led to the downstream pit 28 through the downfalling pipe 18 and the extending pipe 54. 
[0158] As explained in detail, in accordance with the third mode of the present invention, the vacuum degassing appa- 
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ratus for molten glass, which remove the bubbles from the molten glass continuously supplied, can significantly 
decrease cost while ensuring sufficient durability to the molten glass at an elevated temperature, and consequence 
3PP ^ S ca " have a laraer «Pacity and the vacuum degassing temperature can be elevated. The apparatus accord! 
SSvewS ' S 6Xtremeiy ^ a laf9e quanfty * f,ow * the molten 9 ,ass is vacuurrKlegassed in a high 

I0 nl 9 i „ N0W I:!l e V3 fT d ! gaSSlng apparatlJS for 9lass according to the fourth mode of the present invention 
will be described in detail, referring to Figures 7 and 8. OT 

S ^ r8 ^ iS i"!?!!? VSrtCai Sectionai of 30 «a^P'8 o* the vacuum degassing apparatus for 
molten glass according to the fourth mode of the present invention. 

S ^I^ 35 !!" 9 aPParatUS 80 for mo,ten S* 333 according to this mode is used in a process wherein the 
mdten glass Q * sucked up from the melting vessel 24 into a ^oium degassing vessel 14. the moten glass is va^um! 

J?, vacuum deo ^"9 vess ^ 14 under a depressing state, and the degassed motten glass is contin- 
uously supphed to a success™ treaftng vessel 86 such as a floating bath as a forming treating vessel for plate glass or 
a fo ming operating vessel for bottle. As shown in Figure 7, the apparatus is basically constituted by a vacuum Sousing 
12 me vacuum degassing vessel 14. an uprising pipe 16. a downfalling pipe 1 8. an upstream connecting passage 82 
and a downstream connecting passage 84. 

[0162] -me vacuum degassing apparatus 80 shown in Figure 7 basically has the same structure as the vacuum 
£Ef- nB ^T^lf ? R9Ure 1 « B8 P tfcr *»sm«u»s of lower ends of the uprising pipe 16 and thedown- 

faU.ngpipe 1 a Identical parts are indicated by the same reference numerals, and explanation of these parts will be omit- 
ted. The parts which are omitted in Figure 7 may be provided as required. Although explanation of the vacuum 
degassmg apparatus according to this embodiment is also made with respect to a typical example wherein electron 
bncte are used as refractory material, the present invention is not limited to use of the electro-cast bricks. Any refractory 
matenal is acceptable as long as the refractory material used in the first and second modes of the present invention is 

[01631 The vacuum degassing apparatus shown in Figure 7 is different from the vacuum degassing apparatus 10 
shown ,n Figure 1 ,n that the uprising pipe 16 and the downfalling pipe 18 do not have the lower ends immersed in the 
upstream and downstream pits 26 and 28. that the uprising pipe 16 and the downfalling pipe 18 have the lower ends 
djrecfly connected to the melting vessel 24 and the successive treating vessel 86 through the upstream and down- 
mi^ ^.l!^ T 53963 82 M - respectivel * ^ 3 series of closed passages are constituted from the 
melting vessel 24 to the successive treating vessel 86 through the upstream connecting passage 82. the uprising pipe 
In, 5 d "9~S ^ essel 14 - thedownfalling pipe 18 and thedownstream connecting passage 84. The vacuum 

housing 12 entirely cover the vacuum degassing vessel 14. the uprising pipe 16 and the downfalling pipe 18. and the 
upstream and downstream connecting passages 82 and 84 pass through legs 12a. 12b of the vacuum housing 12. 
respectively, which is formed in a rectangular arched shape. 

[01641 Specifically, in the vacuum degassing apparatus 80. the uprising pipe 1 6 has an upper portion upwardly and 
vertically passed in a left end portion of the vacuum degassing vessel 14, and the downfalling pipe 18 has an upper 
portion downwardly and vertically passed in a right end portion of the vacuum degassing vessel 14. The lower ends of 
the uprising p ,p e 15 and the downfalling pipe 18 are. respectively, connected to the upstream connecting passage 82 
in communication with the melting vessel 24 and the downstream connecting passage 84 in communication with the 

hT 19 VSSSel 86 31 3 l0Cati0n Whk * iS l0wer me **** surtace °» tne m °«e" 9^ G in the melting 
vessel 24 and the , successve treating vessel 86 as constructed as an open channel. Thus, such a series of closed pas- 
sages are provided as explained. 

SIS... SpaC8S b T S< ? *• V3CUUm degassin9 ves3el 14 ^ the ^cuum housing 12 and between the uprising and 
downfalls p.pes 16. 18 and the vacuum housing 12 are filled with thermal insulation material 20 made of e g fire 
bncks to cover the vacuum degassing vessel and the uprising and downfalling pipes for thermal insulation. The vacuum 
housing 12 made of metal, the thermal insulation material 20 made of fire bricks and the vacuum degassing vessel 14 
made of e ectro-cast bricks are provided in that order from outside to inside to provide a multi-layered sectional struc- 
ture. The thermal insulation material 20 has air-permeability so as not to be a bar to draw a vacuum in the vacuum 
degassing vessel 1 4. 

[0166] In the vacuum degassing apparatus 80 shown in Figure 7, the vacuum degassing vessel 14. the uprising and 
downfall.ng pipe 1 6. 18. the upstream and downstream connecting passages 82. 84. the melting vessel 24 and the suc- 
cessive treating vessel 86 which form the series of closed passages are all made of elactroost bricks 
[01671 The vacuum degassing apparatus 80 can significantly reduce cost in comparison with the conventional appa- 
ratus with molten glass paths made of platinum or platinum alloy by using electro-cast bricks to constitute portions of 
he morten glass paths in direct contact with the molten glass G, which are formed as the series of passages between 

J£ ni^K 9 , T!? 24 a T *" 8ucc ? ,i * vessel 86 with the molten glass having a free surface therein. Since 

it is possible to design the vacuum degassing vessel 1 4 so as to have any shape and any wall thickness the vacuum 
degassing apparatus 80 can be constructed not only to have a large capacity but also to carry out the vacuum degas- 
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£2 ST£ , 9 k l 9mp l ratUre - The e,ectr °- cast bricks has s "P^or durability at a high temperature in compar- 
toerZ *™«7 n f ' r l e i bnci f- arvl are ****** <* ™™*"S nubble generation or eiution of components. In particular, 
there .s almost no eiution of the components into the molten glass, and the eiution of components lean be ignored when 
produang wmdow glass for buildings or automobiles, or bottle glass. 9 " en 

!!lwL h= ^ 01 Praducing 9lass in 171353 Fod^o" like glass for buildings or automobiles, the presence of fine 

J2?SS?22r *f B T1Z* m - 3 Certai " *" iS aC=eptable - me Presenceof fine bubbles hav! 

" g m 3 J "°^ Sater tha " a ' mm 13 stable in the case of glass for buildings. The bubbles which originate 

ram electro-cast bncks are acceptable s«nce the diameter of almost all bubbles is not greater than 0 1 mm and since 
the occurrence of bubbles having a diameter greater than 0.2 mm ceases with lapse of a certain Sriod of time 
[01 69] According to the experiment that the inventors made at the vacuum degassing apparatus 80 shown in Figure 
7. rt was proved that the bubble distribution generated in the vacuum degassing ves^TuuSer the aSv^mentio^ 
depressunzmg condition included many bubbles having a diameter of not greater than 02. mm and only an few bubbles 

^X^-C^^S* W ^£? T co ! T ' osition used « *■« * bufl«*"3S or automobi.es was pro- 
duced at 1285'C. the generation of buobles hav.ng a diameter of greater than 0.2 mm ceased in 7 days since com- 
mencement of the test though bubbles having a diameter not greater than 0.2 mm continued to generate 

2^?r ~?° U ? 2" de ? aSSin9 ^P 3 ^ 80 in R g"« ^ wherein all portions in contact with the molten 

glass G are made of electro-cast bncks is not appropriate to production of glass for electronic usage or for optical usage 

tf^JS P TT Ce t b ^ haVin9 3 diametef * 9r9ater °- 02 mm is a P rablem - * e aw**** «nb. applied 
to production of glass for bu.ld.ngs or automobiles wherein the presence of bubbles having a diameter of less than 0 3 

mm is acceptable. A large amount of fine bubbles having a diameter not greater than the acceptable limit does not cre- 
ate any prablem in the production of glass for buildings or automobiles. 

[01711 The upstream and downstream connecting passages 32 and 84, the melting vessel 24 and the successive 
treating vessel 86 may be constructed using electro-cast bricks by a construction method similar to that for the vacuum 
aegassmg vessel 1 4, the uprising pipe 16 and the downfaliing pipe 1 8. 

T/iL 1718 !if tr0 "f^ t ^ riCkS USSd m thS preSent invention have a P° rositv Qf not ^ter than 5%. and the porosity 
a * ST"? S ■ • bnCk " ' S eXtreme ' y S^T ' al, • P referac| y almost 0 though closed pores are in the bricks. Although 
?« Si w USe I ar9S 5126 ° f e,ectro<ast bricte in order t0 ™»« *e vacuum degassing vessel 14. the uprising pipe 

1L ^« «^ A P ' Pa , 18 lar98r - ,her9 arB limitatj ° nS Cn PfWft" electro-east bricks per se in a large size, 
and rt ,s drfhcult to produce large sized electro-cast bricks having a side of greater than 1 m, for instance. For rea- 
son, the present invention requires that a plurality of elecro-cast bricks be piled, which necessarily causes the pres- 
ence of jo** between electro-cast bricks. Although it is possible to fill the joints with bond, solo use of electro-cast 
bncks can not maintain a vacuum, depending on conditions of air or the bond (the deteriorated state) since the joints 
rrf^- 9 , 3 ° 0mpactness thaf1 electro-cast bricks and permit the molten glass G to pass therethrough 
[01 73] In accoraance wrth the present invention, the vacuum housing 1 2 made of steel plates (stainless steel plate 

mLi^ mP ^ e> h63t resistance eowws a P Qrtion of the "Pstream connecting passage 32 communicating with the 

melting vessel 24. the uprising pipe 16. the vacuum degass.ng vessel 14. the downfaliing pipe 18 and a portion of the 
^ JT connecting passage 84 communicating with the successive treating vessel 86 to depressurize the entire 
inside of the vacuum housing 1 2 as stated earlier. 

[0174] In accordance with the present invention, the fire bricks can be initially made thicker unlike platinum and 
repa.nng worn paths becomes extremely less frequent, which is different from use of expensive platinum having in a 

™ZT 3 reSUit * iS ' itfle necessaf y to conside r in designing of the apparatus measures to interrupt the 

producton of glass so as to repair *e paths for the molten glass, and it is not necessary to lift the entire apparatus for 

If!! E!! 6 53 VaCUUm de 9 assir, 9 apparatus and the paths for molten glass therebefore and thereafter can be 

constructed .n a stationary way. Since it is not necessary to immerse the lower erxfc of the uorising pipe 16 and the 
downfaliing pipe 18 .nto the moltenjjlass G having a free surface in existence of air as in the conventional vacuum 
degassing apparatus 200 shown in r-.gure 1 2. outer surfaces of the uprising pipe 1 6 and the downfaliing pipe 1 8 which 

T CS P ° rt,0n betWee " * 3nd the m0lten glass G ^ be Prevented from degrading, and in particular the 
joints (the bond) can be prevented from degrading. 

[01751 In accordance with the structure of the present invention, the entire vacuum housing 12 including the vacuum 
degass.ng vessel 1 4, the uprising pipe 1 6 and the downfaliing pipe 1 8 can be installed in a stationary way. and lifting as 
the convermonal vacuum degassing apparatus 200 shown in Figure 12 is unnecessary, making the commencement 
ot operation and the operations for interruption or stoppage simpler. 

[0176] The vacuum housing 1 2 has openings to pass the upstream connecting passage 32 and the downstream con- 
necting Passage 84. The openings of the vacuum housing 12 may be provided with a restricted structure so that the 
S 0peni " 9S iS 35 " ear 10 * at 0< v*™**"* Passages 82. 84 as possible so as to provide airtight con- 

nSC T 6 T °T, , penpheries * tne meeting passages and the openings. From this viewpoint, the vacuum 
housing 12 preferably has portons near to the openings made of heat resisting steel. However, rf the diameter of the 
openings is too near to that of the connecting passages, the steel material (steel plate) might be molten by heat trans- 
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nzs sL tt Satr o " cast bricka in ^ coo,in9 by water *•* be ^ out to at ,east a "**» * — 

S pSL^ S^TS * 9 ^ in9S * *" v « !uum housi "9 12 - *e upstream and downstream con- 
S are m 'T * 3 pr6SSUr9 ,oss <* »» heat i"sUation material 20 made of fire bricks 

is not w« to this example as .on g as the dowSe^^X^ 

aThS a ZrJt^Sf^r 35 "TT R r 9 * ^ fl " rtnB VeSSel 92 is 3)30 bV eiectro-^sTb^ 

Alth0 H 9 K 001 Sh ° Wn ' m9 UDStream «™ecting Passage 82 which is connected to the tower end of the uorisina 

SpreS d69aSSin9 * — ^ S «*"*« *> the thirf mode 

i°SJ oJlTSSSf " 9 aPParatUS 80 ^ ™ lten 9l3SS aCCOrting t0 "» P resent inventi °" shown in Figure 7 
dMaS v«L ( a ? a ^S 3 Vaaa *H ^ VaCUUm degassi "9 vessel 14 to "aintain the inside of the vLuum 

5^1 Pr ^L SUCh t 10 de P ressurize the inside of the vacuum degassing vessel to a pre£ 
sure of 1/20 1/3 atmosphere. The difference between the atmospheric pressure in the vacuum housina 12 and th» 
atmospheric pressure on the liquid surface in the successive treating vessel 36 or the meSvL^form^tn 

IT^iuZ^^^^ ^ 1,18 UPStream °° nneC,in 9 P assa 39 82 or the downstream connecting passage 
mtJi T "ItLT "1 downstraam ^necting Passages are located at a lower position than the liquid surface iTthe 
l l 9 ^ 24 V me successiva beating vessel 86. Thus, a siphon is provided as the seri-s ^osed^assTa^ 
and *e molten glass flows out into the successive treating vessel 86 because of tmX^^JSSS!SR 

vTuX^^ 

E0182] At that time, the difference in height between the liquid surface of the molten glass G in the meltino vessel 24 

^Tv^ef ^JllrJSi! ^ T *• ? torence on clepressurized pressures in the vacuum degas 
sing vessel 14 TTw current of the molten glass G in the vacuum degassing vessel 14 is determined bv the viscositv 
temperature) of the molten g.ass G and the difference in height between the liqutf surface erf 2 TmotJg.ass G^n S 

ZS °Te r^^£5SS£ mnVSSC ^ 3 ^ " - 50 3 — SS - 

tfiSw^ 9 T 6 " ^!f! G , WhiCh has been "P into tne vacuum degassing vessel 14 has bubbles therein risen 

S£ - StmoSerrTh?" 6 " ^ 1,16 ^ ° f 1,18 ^ degassin 9 v ^"< is depressun^'a pressu e^ 
mSner ^ d&3aSS ' n9 apparatUS 80 remove S the bubbles included in the molten glass G in th" 

Stt^JS^S f th % m0lt !" 9,aSS Q beC ° me ' 0Wer at 3 hisher tenperature. it is eas.er to remove the bub- 
tem^eraSf Si TmS JT f *! ""^ *" G ^ 3 h, ' 9ner tem P^ture. As the morten glass G has a higher 
SS^urSa nSSLt ll ^ ° ' S ^ *° "V** 58 quantity - f,ow - 1" 6 mo «en glass 3 which is 

2lS,^l P l eferabl9 ,ha I inner 3UrfaCeS ^ 108 series * dosed ^ges (paths for the molten glass G) which are 
constrtuted by the vacuum degassmg vessel 14. the uprising pipe 1 6 . the downfalling pipe 18 and the upstream £1 
downstream conneebng passages 82. 84 are heated to the substantially same temperature asto nSSTST^ 

ZStoiZT'fy**, ° Perati0n ° f the ^ degassing *>■ » su * 22b" 2 SemSeTs a 

SiSiSSi 9,ass Q is sucted * the mo,ten 9,ass G is 10 be ^ SSK 

[0186] After such heating is sufficiently made in advance, the molten glass G is flowed from the melting vessel 24 into 
the upstream conneefng passage 82. and a bypass passage (not shown) is opened to flow the «C£SSS5.2 
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upstream connecting passage 82 into the downstream connecting passaae 8* aB won mi ^ 
stream connecting passages 82 and 84 with the molten glass Q T^eTtte ^e cf ™ *° dow "- 
sunzed to suck up the moften glass G into the vacu JSas's^eSelTthrounh Z 9 12 

upstream connecting passage 82 and through the dwnMiSS 1 8^1 Pra ' n9 P ' PS 16 tom the 
The molten glass Q sucked from the uprising pipe 16^?5?mS^ JE?i ^ST^T Tf" 9 13353396 

sa^notsh^.c.osed.andthe^^ 

than S%such as electro-cast bricte more^explrle T^SS SS^^ 
can continuously vacuum-degas the molten glass as in the case of JZ^Su!^£^^^^ m T ablg 
in comparison with the case of usino noble metal siinv 3C „ ^ ™ 9 00nstnj( *°n cost lowers 

use in terms of cost a* to restrict Z^^^^^^^JZT 9 V"? *" ^ 
the apparatus can be significantly improved not onlv to«^AT£!? ^ th ^ mrted Design freedom of 

J- bj also to carry ou4e vacul^i^ ' ^ - «— — «»~ 

eliminated to pro^Sr^^^^^ *"* " **" ^ * ^er can be 

[01 89] Now, a parallel arrangement of vacuum deaassina anrara* .<= ae . 

apparatus according to this mode. ^ ° 93,3,161 arran 9 em ent of vacuum degassing 

[0191] The parallel arrangement of vacuum deaassina aDnar3tii=^h=r=;^_i 

apparatus) 1 00 is used in a process wherein tZSS^2S^v2lS2 3 de9aSSi " 9 
continuously supplied to a successive treating vessel (not shown) such «1?2Z?S£? ^""^assed and is 
far plate glass and a forming operating vessel for bottles aTT™!^ ? 3 J 3 b3th 33 3 formmg traatin 9 vessel 

constituted by a first vacuum degasing Z 1 02 a se^nd v^cuum^ 9 "'* 9 ^ V3CUUm de93SSing 3pparatus is 
and a merging unit 1 50. ^ Uum de 9 ass,n 9 1 04. a pressure-equalizing pipe 1 42 

fuTixp.^ 

degassing unit 104 will be basically omS Y ^ "* ex P |anatiQn * *e second vacuum 
[0193] Inngure 10 is shown a schematic vertical sectional view of the fine i— 

ng unit 150 of the vacuum degassing apparatus too. ^Z^J^TSS^^ ™ **** ^ 
52. ^aSr^^ * vaculmdegassing vesse, 14. an upris- 

have basically the same struck as the aS^SS C^fiSESSTJ? 102 in ^ 10 

[0195] Although the uprising pipe 16 and the downfalling pipe 18 are arranoe^thJ ^^T M u ■ - 
the downfalling pipe 18 as well as a downfalling pipe 19 erf ftLecor^ v^uuml^? 9 ^ h0USm9 12 ' 

Jon thereof bent so as to communicate the merging unit 1 £ » Z££Z "° ^ M 1 ° 4 *** °' 3 P ° r " 

Le!L"th^ **• there are no limitations on the 

are noble metalTncSe meS al^ci « 9 ?? 8 ^ dowrta " in 9 P'P« 18- Samples of the material 

electro-cast aS ine b^ 33 "** 

a porosity of not greater than 5% is pJLS^JwnT?^^?^ T^T^ 
which directly contact with the molten «te« r L= ill P rf the vacuurn degassing apparatus 1 00 

sing apparatus can be constructed so as tn hav* a ^ eh.n. L _ metal a "°y used - 7716 vacuum degas- 

stated later are highly reaLe b!S«!2l2 JiZ^™ ? 9t3SS G 3 de{ini " 9 wa " 152 of *^«* 
-eptforfinebu^rS^cS^ 

nal having a porosity of not greater than 5% is usee I 2a«£S T nT^ ^ n0tdurab,e - Even Refractory mate- 
develop, (t is preferable that the lower portion of £ uprfsSoe ^ £2?" "1 ^ ° f thS '* Kke)y to 
are made of platinum or platinum alloy P 1 6 and me ,ower P Qrt,on <* the downfalling pipe 18 

C01 98, Since the vacuum degassing apparatus 1 00 according to the present invention has a parallel arrangement with 



22 



EP 0 908 417 A2 



' 20 



k 11 VaC " Um degassing unit 1 02 and the second vacuum degassing unit 104 included therein, the molten dass 
wh,ch has passed through both vacuum degassing units 102. 104 can join in the merging unit 150 to vacuurtKieoas a 
large amount of molten glass and to promptly cope with a change in production, such as by operating only one of both 
vacuum degassing units. a y °" 8 01 0OT1 

Jl? ^t!;! 130 * VaCUU ' n de9assing units 3,8 «w*ined in a parallel arrangement without modification there 
is a possib.hty that the compost of the molten glass G obtained in the vacuum degassing unit 102 and that oteS 

™,^ UUm < ^ aSSmS mrt 1 04 may 156 ^ different For axam P' 9 - since it is technically difficult to provSa the 
completely samedepressunzaton m the vacuum degassing vessels 14. 15 in both vacuum degassing units 10* 104 
to* vacuum degassing vessels 1 4. 1 5 have drfferent pressures on the gas phase in contact with the molten glassG, 

™o!iryr Sf^n 9 Ve ! Sa,S h3Ve different (partial pressures) in the gas phase of the gaseous 

components (e.g. SO^COa and so on ,n the case of soda-lime glass) of the molten glass G which pass through both 
vacuum degassmg unrts. The molten glass which passes through each of units contacts with differer^rrposMoreof 

P ,T T 16 * S '" Ce SUCh dfferenCe in th0 position history of the molten glass is produced so as to 
contain slightly different gaseous components, merging can cause the generation of bubbles. There can be differences 
rnvoaalecorrponems. such as Nap in the mother compositions. The molten glass which is obtained by merging mol- 
ten glass having drfferent compositions is likely to have irregularities in the composition, creating a problem in that suf- 
ficient homogenedy can not be obtained to lower the optical characteristics of glass products. 
S2!!L S a °*f ancs *• Present invention, the pressure-equalizing pipe 142 can be provided to communicate 
between the first vacuum degass.ng unit 102 and the second vacuum degassing unit 104 so as to obtain molten glass 
G having superior homogeneity while being capable of vacuum<legassing the molten glass G in a large amount 
0201] Specifically, as shown in Figure 9, the pressure-equalizing pipe 142 is provided between the vacuum housing 
12 in the first vacuum degassing unit 102 and a vacuum housing 1 3 in the second vacuum degassing unit 1 04 to com- 
mumcate both housings. 

» XI ^ e P^e-equalizing pipe 142 is one that maintains the gas phase in each of both vacuum degassing ves- 
fft L S fT e pr8SSUra ^P' 6, the P^'e-equalizing pipe 1 42 has both ends connected to the vac- 

uum housings 12. 13. communing between both vacuum degassing units 102. 104 as shown in Figure 10 There 
are no Imitations on where the pressure-equalizing pipe 142 should be connected to. It is enough for the pressure- 
equaling pipe to prov«le communication between at least both vacuum housings 1 2. 1 3. Although there are no limita- 

30 mie 2 SnSfsfed **" " *" ™* 142 - *• pressure-equalizing pipe is preferably 

[0203] Since the communication between both vacuum degassing units 10* 104 equalizes the gas phase pressures 
■n both vacuum degassing vessels 1 4. 1 5. the gaseous components (e.g. SO* CO, and so on in the case of soda-lime 
9 fl! 1 P3f ^ PfeSSUra ( concentrations ) ° f th * fugacious components (i.g. Na 2 0 and so on) in the glass 
included ,n the gaseous phase can be made equal in both vacuum degassing vessels. Thus, the molten glass G which 

-5 has passed through both vacuum degassing units 102. 104 can have the same composition history to equalize the 
composition of 1r* molten glass G vacuum^egassed by both vacuum degassing units 102. 104. providing the merged 
molten glass G wrth a minimum number of bubbles, minimized irregularity in composition and superior homogeneity. 
[02041 it , s preamble that the pressure-equalizing pipe 1 42 has a cock 144 arranged therein to close the pressure- 
equaling pipe 142 so as to shut the communication between both vacuum degassing vessels 14. 15. If one of the vac- 

«o uum degassing units 102 or 1 04 is out of order because of maintenance and so on. the pressure-equalizing pipe 1 42 
can beclosed by the cock 144 to continuously operate the other of the vacuum degassing unit 102 or 104. minimizing 
an obstacle to production of glass products. In particular, it is quite effective to repair the platinum or platinum alloy form- 
a ?J havacuum *WB vessel 14. the uprising pipe 16 or the downfalling pipe 18 since it takes several months to 

45 [02051 The marten glass G which has been vacuum-degassed by the vacuum degassing units 1 02. 1 04 reaches the 
merging unit 150 through the respective downfalling pipes 18. 19. 

SS*L" n ' 8 T 9 ^ 9 Unit 1 50 mer9es **» *™ molten 9' ass G su PP' ied from '*» two vacuum degassing units 1 02 
104. and supplies the molten glass to the inlet of a next step, such as a spout 
[0207] In Figures 10 and 1 1 is shown an example of the merging unit 150 

» [0208] The merging unit 1 50 shown in these Figures includes the defining wail 1 52 having an elliptical or rectangular 
shape as seen from a top. throat walls 154. 154 and a stirring device 156. The defining wall 152 has reservoirs 164 164 
and a merging vessel 166 formed therein. ' 

[0209] The defying wall 1 52 is a housing where the molten glass G supplied from the two downfalling pipes 18 19 
« £££ I Sl " 9 ? to "-7 he def '" ,n i wa " has m8 lower ends of *» d°wnfalling pipes 18. 19 inserted irto an upper 

fo ? I u 3Way l 0m ^ 0thSr 31 3 Camin distance ' and *• dsfininQ ™" has a sid * formed with an outlet 1S2a 
to discharge thepnted molten glass G out of the defining wall 1 52. The present invention is not limited to such arrange- 
ment as long as the downfalling pipes 1 8. 1 9 are connected to the downstream stirring device 156 
[021 0] The throat walls 1 54. 1 54 are plates which prevent the vortex caused by the stirring device 1 55 from traveling 
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falling pipes i 8 . 19 . an ^stream side^faT^^^ 

reservoirs 164. 164. and a downstream side bleeVSl^ ° f 

=e~s= 5533^353 

[021 1 J The stirring device 1 56 stirs and equalizes the molten aiacc n. ha( . • A1 _ 
toZLE^^^n^JZ 018 ^ 9,aSS G< «~**« «*» ^ discharge port 152a in 

LoJei glass g! ' ' ^ ^ dr ™ 9 m9aSUreS 03,1 be — 1 as ^ ■» *e measures^ stir the 



So? **2Z^V™^™\£ the - m0 ' te ? I 3 !! G WhiCh ^ be d6alt ^ ^ *• ™»™ d ^ssing apparatus 

Koo^S^i?J^H^ *• m °' ten 9 ' aSS G iS """^ bv *• vacuum degassing a PP a- 
^^S^uS^S?* ' S SUPP ' ied 40 1,18 SUCC8Ssive ^ «■ ^ gained s'nce 

- 2^^^^ ^ 1 ° 4 h ~ ** *™ — - "P-*"^ the first vac- 

-Cs^^ r 9,353 

a viscosity similar to the soda-lime glast ****** that the glass * molten at such a temperature to have 

Sn Jlfh ' nSide * m ° V ? CUUm h0USi " 9 12 3,1(1 the inside * the degassing vessel 14 are held at a 
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the molten glass is supplied to a successive forming unit (not shown) 
SnSS 

respective vacuum degassing vessels bv the m23E£ ^ 919 010118,1 9,888 G into the 

ing dolling pipes^and arl ^J'ZT^Z^™*" ^*^*e* correspond- 

tar case, the respective vacuum degassing^ts^eSovS^ ST* ""^ be providad - ln *« «*" 

and alldownfalling pipes may join * a ^^X^SHKJ^ ^ d ° Wnfa " , ' n9 
' Or, some of a plurality of uprising pipes and some of plurWtfdZS ^ " ^ a *flto merging pipe. 
ir*pipes may be seeded, or"^ 

[0223] As explained in detail, in the vacuum degassing anoaratLis frv ^ ^. 
present invention wherein the bubbles are reirovec Htar f iKSE?? molt ^ 9lass accord,n 9 to the fifth mode of the 
molten glass can be dealt with, and sup^or^g^eTc^a^^^^ 3 ,ar " * * 8 

prompfly cope with a change in pnxXo i^SSS^S^!^ «T Slass while the apparatus can 
10224] l» should be noted that L ^cL^L^^^^I^f! °* ^ in ™ntenanca 
modes of the present invention and theXl^Sa^Snf^!! ^ ^ aCCOrtin9 * first ttlrou 9 h 
mode of the present invention are ap£^oS2ISa^JSZ T*'" 9 accordin9 to *• fifth 

pies but also a vacuum degassing^arafcs wrth^LLte ^cuumdegassing apparatus in the show axam- 
JP-A-7291633. apparatus wrth vessels honzontally located therein as shown in JP-A-5262S30 and 

EaaS^ 

mentsor mod^ons'may ^nSlZSS^t^^^ ^ *~ 
Claims 

1 . A vacuum degassing apparatus for molten glass, comprising: 

a vacuum housing where a vacuum is created; 

a vacuum degassing vessel housed in the vacuum housing; 

an introduction device communicated to the vacuum riwiaccin,, .« . _ . . 

degassing into the vacuum degassing vessel h a^d 9 *° 33 10 '"^^ m0itBn $ ass before 

CSS SrSSCS*'" *— * » — i molten glass after 

; strtuted by refractory material having a porosity of not gS^S" 1,18 molten S,ass * 

2. A vacuum degassing apparatus for molten glass, comprising: 

a vacuum housing where a vacuum is created; 

a vacuum degassing vessel housed in the vacuum housing- 

an introduction device communicated to the vacuum degassing vessel so as to i^rrv* ^ , u ^ 

degassing into the vacuum degassing vessel- and ^ 5S '" 9 785361 soasto '"traduce molten glass before 

A vacuum deoasanc 1- ^ cte « e»m , . 4 ,u»« . ^ ^ to 
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cooling the molten glass. 



10 7. 



75 



CPipe and the downfafling pipe are made of platinum or^aS^ W 88 * *• "P** 

A vacuum degassing apparatus tor molten glass accoitiing to Claim s wherein at i M « «^ ^ «. _ _ J . 
has an upper end provided with a flange, and the extending obeS rJLt^? °" e * * S axtendin9 
by inserting and saving the I^ ^RTSSS^ * * *" d0Wnfa " in9 pip ° 

8. A vacuum degassing apparatus for molten glass according to Claim 1 or 2 wherein *« intm* ^- ^ ^ 
alass «»£■ of If* rolten atas »,„„„ or an ,«Mam cm or«nr«l »m « rt „. Mt J 
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the discharge device includes a downfailing pipe and a downstream conn^™ <~ - - 

9- A vacuum degassing apparatus for molten glass accordina to Claim a whpr«fiW ata ~ 

meaifc casn, .«* enclose tr» v^urn deoasSg S^l M M ST ? T 0 ""* 3 

1 1 . A parallel arrangement of vacuum degassing apparatus comprising- 

SlSnTS^^ ""If indUdSS 3 VaCUUm h ° USing W ^ ere a is «— • - vacuum 

eSSnta^^^^?JST T ° V3ClJUmKjegas me motte " aass. an introduction device 
vaaSTSSLrJ; ? degassing vessel so as to .ntroduce the molten glass before degassing into the 
vacuum degass.ng vessel; and a discharge device communicated to the vacuum deaassino veSel S o L t! 
discharge the molten glass after degassing from the vacuum degassing veSeHnTo Ve mtSno^S 
where>n a pressure-eouafizing pipe is provided to communicateletwe^n £2%, unL 

12. A parallel arrangement of vacuum degassing apparatus according to Claim 11 wherein th« .mmn..^ m ■ 
composes an uprising pipe to rise the molten glass before 4w^»^JL£E?J^ 'T 3du I ct,on da " ce 
vacuum deaassina vp-kpi an* wir,^, • - aegassing so as to introduce the molten glass into the 



26 



B» 0 908 41 7 A2 



merging unit 



14. A parallel arrangement of vacuum degassing apparatus according to Claim 1 1 , wherein the pressure-equalizing 
pipe .s provided with a cock to shut communication between the vacuum degassing vessels. 

1 5. A vacuum degassing apparatus for motten glass comprising: 

a plurality of vacuum degassing units for vacuum-degassing motten glass supplied from a melting vessel- and 
a rr.erg.ng unrt for merging the molten glass supplied from the vacuum degassing units, stirring the merged 
molten glass and supplying the stirred moOen glass to a downstream side- 
wherein each of the vacuum degassing units includes a vacuum housing where a vacuum is created a vacuum 
degassmg vessel housed in the vacuum housing to vacuum-degas the molten glass, an introduction device 
communicated to the vacuum degassing vessel so as to introduce the motten glass before degassing into the 
vacuum degassing vessel; and a discharge device communicated to the vacuum degassing vessel so as to 
d.scharge the molten glass after degassing from the vacuum degassing vessel into the merging unit- and 
wherein a pressure-equalizing pipe is provided to communicate between the vacuum degassing units; and 
wherem at least portions of the intraductal device, the vacuum degassing vessel and the discharge device 
ttiat directly contact with the molten glass are constituted by refractory material having a porosity of not greater 
than 5%. 

16. A vacuum degassing apparatus for molten glass according to Claim 1. 2 or 15. wherein the refractory material is 
electro-cast refractory material or fine burned refractory material. 

1 7. A vacuum degassing apparatus for molten glass according to Claim 1 . 2 or 15. wherein the refractory material has 
a cortex that directly contacts with the molten glass, and the refractory material has at least the cortex scalped. 

18. A vacuum degassing apparatus for molten glass according to Claim 1. 2 or 15. wherein the cortex of the refractory 
material is scalped by at least 5 mm. and the refractory material has an apparent porosity of not greater that 1%. 
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FIG. 2 
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FIG. 3 
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FIG. 9 



100 




35 



EPO 908 417 A2 



O 



rH 

o 



CM 
VXD 

CO 



, P - \ 

V. r \ ; . 

^ . ... . ■ * *. /. . . « y 

\ • . J. . . . . 





>|i" ) 



36 



EP 0 908 417 A2 



FIG. 11 
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